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PREFACE

This report contains the functional description, operating in-
structions, and test procedures for a set of four modems designed and
constructed at the Ohio State University for the Air Force Sytems Coninand ,
Rome Air I~ve1opment Center, under Contract F30602—72-C—0162. The devices
differ significantly from other impl ementations in that the transmissions
are timed precisely at the satellite with respect to a network clock which
may be generated at any of the participating stations or at the satellite.

In addition to the usual modem functions, such control functions as j
requesting and assignment of data slots and I/O devices are performed by
the modem/controllers.

This report is a first version of an operations manual for the
modem/controllers. The devices are being~ tested operafionally under a
successor contract, F30602-75-C-006l . As a result of the tests, modi-
fications and improvements may be made and additional documents pertaining
to their use may be generated.

The TDMA modem/controllers have been developed over a period of several
years bya project staff whose composition changes from time to time.
Dr. R. J. Huff developed the concept and directed and participated in all
phases of the implementation. Mr. R. C. Taylor oversaw the package design
and fabrication, coordinated the technical staff, and assen~led the presentreport. Mr. 1. Treadway and Mr. S. Talbot of RADC contributed by their
technical interest and suggestions as well as by general contract monitoring.
We also wish to acknowledge the many contributions made by the following:
K. 1. Reinhard, 1. W. Miller, D. C. Upp (Technique Development); Dr. J. D.
McMillen, J. D. Clover (non—progr~imuable digital logic); Dr. D. E. Svoboda(digital controller); M. D. Gordon, W. L. Hensley, C. H. Boehnker, F. S. Cook,
D. E. Henry (technical support).
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SECTION I
INTRODUCTI ON

In TDMA satellite comunication systems, the time continuum is
subdivided into nonoverlapping intervals or slots, each of which is
(normally) allocated for the relaying of signals from no more than one
terminal at a time. The slots are normally defined wi th respect to the
time base of a signal present on the satellite down link designated as the
network dock signal (NCS). At each user terminal, the time base of a
locally-generated signal (clock) is aligned with the time base of the
received NCS to establish a local receive clock. In turn, a transmit• clock is timed so that pulses transmitted by the terminal during in-
tervals identified from the transmit clock occupy assigned time slots on
arriving at the satellite. The information needed to maintain proper
transmitter timing is obtained by estimating the error in arrival time of
pulses transmitted by the terminal as they are received on the down-link
relative to the local receive clock.

The TUMA modems developed at The Ohio State University rely on
the use of two coupled sampled-data delay-lock loops at each user terminal
to maintain the desired timing relationships between the transmit and
receive clock signals and the NCS. Baseband waveforms having appropriate
correlation properties, e.g., pseudo-noise (PM) codes, are impressed as
digital phase modulation on each pulse processed by those loops. The
synchronizing loops maintain the transmit and receive timing errors at
values which are small relative to the duration of the symbols which comprise
the modulation waveforms. Consequently, the local receive clock at a terminal
can be used to time the demodulation of all data-carrying pulses present
on the down-link to that terminal . This approach to timing the demodulator,
coupled with the use of differential detection to extract data from the
data-carrying burst, allows using a preamble at the beginning of each burst

• which has a duration of only one data bit length. Thus, a relatively small• number of data bits can be conveyed within a slot without significantly
compromising signaling efficiency. This feature has considerable advantages
in systems containing small terminals which request assignments and establish
links in real time. In such systems, the spectra of the data-carrying signals

• are spread using appropriate waveforms (“codes”) by at least a moderate factor,
• e.g., sixteen, to reduce the effects of unintentional interference and mul tipath

propagation on system performance; the spectral widths of the timing and data
• signals would normally be equal. Unl ike other conununications systems, the

O.S.U. TDMA system uses accurate transmitter timing to permit nvltiple
message detection using one relatively simple demodulator.

The description of and operating procedure for the modems is contained
in the remaining sections of this manual .

H
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SECTION II
GENERAL MODEM CHARACTERISTICS

• A photograph of one 0f the TDMA modems developed and constructed at
The Ohio State University is shown in Figure 1. The modem can be con-
figured to. establish either a lower-rate format (LRF) or a higher-rate
format (HRF), as shown in Figure 2. To utilize the LRF, the received
signal power to single-sided noise density ratio (Pr/No, Pr/kT in the
case of thermal noise) associated with the smallest terminal in the
network must equal or exceed 51 dB-Hz and the satellite channel must have
a bandwidth of approximately 500 JCHz. The respective values for the HRF
are 60 dB-Hz and 4 MHz. Each modem can simultaneously acconinodate an I/O
device which operates asynchronously at an average data rate of 75 bps,
e.g., a teleprinter, and a device which operates synchronously at a
2400 bps average data rate, e.g. , a vocoder. The 2400 bps device can be
operated either in a shared-channel push—to-tal k mode or in a full duplex
mode. Two-way coninunications between 75 bps devices is accompl ished through
sharing of a single simplex channel . When the modems are configured to
establish the HRF, data is transmitted at an instantaneous rate of 87.6
Kbps. Pseudo-noise (PN) codes are employed to spread the signal spectrum
by a factor of sixteen to provide a moderate amount of protection against• multipath and interference. In the LRF mode, the data are conveyed at
an instantaneous rate of either 10.95 Kbps or 87.6 Kbps; the corresponding
spectrum spreading factors are sixteen and two, respectively. The modems
can be configured in either a two-phase mode, wherein each signal pulse is
biphase modulated by a PN code to effect spectrum spreading, or a four-
phase mode wherein a pair of PN codes is employed to quadraphase modulate
each signal pulse .

The TDMA signaling format is defined relative to the time base of a
pulsed-envelope, phase—modulated network clock signal (Figure 2) which is
relayed by the satellite to all user terminals. That signal originates at

- 
- a predesignated user terminal, however, the network clock transmission func-

tion can be transferred from one terminal to another in real time under
operator control with minimal disruption of established links . When suit-
able satellites become available, the clock signal may also originate at
the satellite.

Approximately one-fourth of the TOMA signaling format is allocated for
use in performing all “overhead” operations. The “overhead” signals in-
d u de one NCS, one control signal per network control terminal , and one
link/range (L/R) signal per user terminal (Figure 2). The allocation ~~~

‘ -

of three overhead slot triplets (three LLL assignments) for use by terminals
which perform network control functions permits the acconinodation of up to
380 terminals with the HRF and 44 terminals wi th the LRF. The remaining
three-fourths of the time slots in the signaling format are used for the

• transmission of data .
I
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Figure 2. The TDNA modem signaling formats.
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When the LRF is established and a given data slot is employed to
• convey data at the 87.6 Kbps instantaneous (burst) data rate, sixty-

four data symbols can be conveyed in that slot. Otherwise, eight data
symbols are conveyed in a data slot . A time-ordered channel is composed
of a set of data slots which collectively permit the transmission of data
at an average rate of either 75 bps or 2400 bps. Each available type of
time-ordered channel can be characterized by the number of consecutive
slots spanned by a single burst of the data-carrying waveform, the number

- • of slots contained in one period of that waveform, and the number of data
• symbols conveyed per slot . Each 2400 bps channel can be subdivided into

thirty—two 75 bps channels which can be allocated to a multiplicity of
• user terminals. Similarly, each 10.95 Kbps burst—rate or longer bit length
• (LBL) channel can be subdivided into eight 87.6 Kbps burst-rate or shorter• bit length (SBL) channels when the LRF is being utilized. In fact a

• 2400 bps LBL channel can be subdivided into combinations of 2400 bps• SBL channels and 75 bps LBL channels, e.g. , into four 2400 bps SBL channels
and sixteen 75 bps LBL channels. This flexibility permits the management of
data slot allocation/utilization in real time to accomodate changing
signaling requirements.

An entire net must be set up as either HRF or LRF. In the LRF con-
- • ~

• figuration conmiunication channel s may operate either wi th short bit length
or wi th long bit length . Table I shows the available combinations of com-
munication channel resources. A list of general characteristics of the

• TDMA modem is shown in Tabl e II.

TABLE I
Comun-f cation Channel Resources

- 
Format Rate No. of Channels

1 75 
— 

31 + (768 — 32N~
• HRF 2400 N 24

LRF LB ~ + (96 - 32N)
- 2400 N 3

LRF SB ____________ 
24 ÷ (768 - 32N)

i:- 
- 12400 N 24 

-

I—

- 
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TABLE II -

General Characteristics

IF interface frequency 70 MHz
RF bandwIdth 4 MHz HRF

500 KH z L RF
Pr/No required 51 dB M m .  LRF 

-

- 
6O dB Min. HRF

Maximum number of terminals 380 HRF
44 LRF

Maximum number of network control terminals 3

Operation Demand assignment

• Modulation - - 2~ DPSK or 4~ DPSK

Instantaneous data rate 87.6 Kbps HRF
10.95 Kbps LRF

Frame length 32/75 sec.

AFC tracking range ~l KHz

I/O devices 75 bps teleprinter
2400 bps vocoder

Interval computer 2048-16 bit instructions

Power 480 w/ 120 V 60 Hz
Size 19” rack 7” panel
Weight 72 lbs .

- i  6
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SECTION I I I
FUNCTIONA L DESCRIPTI ON

1. General Block Diagram

A block diagram of The Ohio State University TDMA modem is shown in
Figure 3. The transmi t and rece ive subsystems interface wi th external
devices at an IF of 70 MHz. A 75 bps asynchronous-data-buffer and a
2400 bps synchronous-data buffer provide interfaces to external I/O
devices. The external computer interface is used primarily to complete data
transfers between the modem and an external computer at network control ter-
minal facilities. The numbers shown on the i ndi vidual blocks in Figure 3 in-

• dicate the drawing number where a detailed ci rcui t description may be found.
The drawi ngs have been furni shed separately from this report .

2. The Digital Controller

The signal processing operations performed by the modem during a
time slot depend on the location of that slot within the signaling
format and on the modem’s status. A digital controller contained within
the modem (see Figure 3) exercises control over the various subsystems so
that they operate in appropriate states at each instant in time. Thc

• controller is also employed to manage and/or process data generated by
several subsystems. This approach results in a large number of functions
being performed under program (software) control which would otherwise• be performed by numerous special-purpose digi tal logic circuits .

The digi tal controller has been designed so that the control programcan be stored either in random—access memory (RAM) or read-only memory(RaM). Read-only control memories are contained in two of the modems
delivered to RADC. The remaining two modems -- including one modem re-
tained at Ohio State for use under a successive contract -- are instru-
mented with solid—state (volatile) RAM ’s. The control memories in these
latter units are loaded from an external computer by way of the modem/
external-computer interface (see Figure 3). This interface is also em-

L ployed to perform I/O transfers between the modem and the external corn-
puter which executes the network control algorithm at a network control
terminal . In either configuration , the control memory provides storage
for 2048 sixteen-bIt instructions ; expansion to 4096 words of storage can
be accon*nodated. A twelve-bit program counter is provided. Information

• subject to manipulation by the controller’s arithmetic-logic unit (ALU)
-Is stored In a random access data memory which has a capacity of 256
sixteen-bit words. On application of power to the controller or depression
of the MSTR CLR momentary switch (see Figure 1), the contents of the low-
order 256 locations of the control memory are transferred to the data
memory; the program counter Is then set to zero and controller operation

i) enabled. Those operations are performed automatically under hardware
control. Peripheral hardware within the modem allows the contents of an
arbitrary data memory location to be displayed or altered under control
-If an appropriate subroutine is contained in the control program. That
hardware includes a numeric (octal ) display , an octal swi tch register ,
and appropriate interface circuits ~see Figure 1).

7
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A sixteen-bit accumulator designated as the X register , a (one-bit)
carry register , and three four-bit index registers are contained In the
digital control ler. The index registers are used to generate control
memory and data memory addresses under program control. When Indexing
is specified by an instruction, the four bits contained in the specified
index register are ORed wi th the low-~order four bits of a TMroot” address
to generate a 12-bit address. Only the low-order eight bits of that
address are utilized when a data memory address is formed.

The controller instruction set contains twenty-one data-memory• reference instructions , thirteen X-register only instructions , three types
or (conditional ) branch instructions and eighteen miscellaneous in-
structions ; a total of f ifty—five instructions . An assembler has been
developed which permits control programs to be written in mnemonic form;
it is descri bed in Appendix I. Input and output instructions are pro-
vided which permit direct addressing of sixteen input and output devices,
respectively. Tn -state devices are employed to instrument the (sixteen-
bit) input bus. At room temperature, the controller is capable of operating
at a cycle time of approximately 180 nsec.; the machine is actually operated
at a rather conservative cycle time of 235 nsec. The relatively high
operating speed has been achieved by over-lapping the addressing phase of

-
• - an instruction ’s execution with the execution phase of the preceding in-

struction, and by extensive utilization of Shottky TTL devices to instrument 
-

•

the controller.

To maintain circuit complexi ty at a reasonable level , the controller
hardware was designed to service a single interrupt signal. A low to high
transition of that signal causes execution of the (background) control
program to be interrupted if the interrupt mode of operation has been
enabled by the control software. On servicing an interrupt, the address
of the next instruction to be executed in the background program is stored
in location 0 of the data memory, the program counter Is set to zero, and
the interrupt mode of operation is disabled. Normally, the instructions

• contained in the first few locations of the control memory will cause
execution of an interrupt service routine if an appropriate flag has
been set by the software. Requiring a flag to be set before branching to
the interrupt service routine permits an initialization subroutine to be

• executed before entering the interrupt routine. The interrupt mode of
operation is normally reenabled by an appropriate instruction ininediately
before returning to the background program. -

- ::~ Four subsystems within the modem and the external computer at a network
control terminal interact with the controller on an interrupt basis. Interrupts

• oenerated by any of these are acconinodated through the use of peripheral
F~ardware and software. Each subsystem which Interacts with the controller on - •

an interrupt basis initiates an interrupt request by causing an interrupt

9
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flip-flop contained within the subsystem to be set. The Interrupt flip-
flop outputs are ORed to generate the controller interrupt signal and
are made available to the controller input bus as an interrupt identi —
fication word. The interrupt routine or routi nes which should be cx .
ecuted in response to an active controller interrupt signal are identified
by the interrupt service routine. This is accomplished by Inputting the
interrupt identification word to the X-register via an input Instruction
and then determining which bit or bits in that word are set. Each inter.
rupt routine contains an output instruction which, on execution, causes the

J associated interrupt flip-flop to be cleared.

3. The Slot Timing and Control Subsystem

The slot timing and control subsystem (see Figure 3) contains two
circuits which interact with the digi t-al controller on an interrupt basis:
a receive slot rollover circuit and a transmit slot rollover circuit.

• Those circuits generate pulsed waveforms in synchronism with a receive
clock and a transmit clock, respectively, which have periods equal to
the slot duration. The beginning of a slot in the receive time base,
is marked by the occurrence of a pulse in the receive slot rollover wave-
form. Each pulse In that waveform causes a receive slot interrupt flip-
flop to be set which, in turn, causes execution of a receive slot interrupt
routine by the digital control 1 er. A software counter is maintained by
that routine which designates the location of the current slot relative
to the beginning of the signaling frame, I.e., the slots are organized
into subframes and the subframes into frames by the system software. Each
time the receive slot interrupt routine is executed, the software slot
counter is incremented, all processing operations to be performed during
the following slot are -Identified, and execution of those operations Is
initiated. The latter function is accomplished by outputting a receive

y control word to a receive control buffer contained within the slot timing
and control subsystem. On the occurrence ~f a pulse In the receive slot
rollover waveform, i.e., at the beginning of the following slot , the
contents of the receive control buffer are transferred to a receive control
latch. In turn, the latch outputs either activate or inhibit operation of
the various receive circuits during the slot, depending on the structure
of the receive control word. Control over circuits contained in the
transmit subsystem is accomplished in the same manner, i.e., a transmit
slot interrupt routine operates in conjunction with a transmit control buffer
and a transmit control latch to control the transmit circuits.

All waveforms required to control lntnaslot operation of the transmit
‘1 and receive circuits are generated within the slot timing and control sub-

system by decoding the outputs of a transmit binary counter (clock) and a
receive binary counter (clock), respectively. Each of those counters is
cleared (set to zero) by the associated rollover waveform. Thus, all
intraslot control waveforms have periods equal to one slot duration. The
waveforms employed to toggle the transmit and receive clocks are generated by

• two nearly-identical time base control counters from a conron, fixed-
frequency signal . The latter signal is synthesized wi thin the frequency

10
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synthesis and control sybsystem from the output of a 1 MHz oven-
stabilized crystal oscillator contained wi thin the modem. The use of
an external 1 MHz frequency standard can be acconinodated by removing
a jumper cable on the back panel of the modem and applyi ng the externally-
generated signal to the appropriate jack. Each time base control counter
contains a controlled-modulus counter followed by a fixed-modulus counter.
The controlled—modulus counters provide the mechanism whereby control is

- - • exercised over the transmit and receive time bases. When neither time
base is being shifted (corrected), those counters operate modulo—three .
To advance the receive time base, the controlled—modulus receive counter
is caused to operate modulo-two over an appropriate interval ; the time
base is retarded by changing the modulus to four. A timing shift equal
to one forty-eighth of a code symbol duration (a/48 sec.) is introduced
each time the time base correction circuit undergoes a full cycle of
operation. Thus a ± A/96 sec. quantization error is associated with the
correction mechanism. Control over the number of operating cycles
completed by the two time base correction circuits each time a cor-
rection is enabled is provided by a down-counter and associated mode
control circuits. To enable a correction, a time base control word is
output from the digital controller to a time base control circuit. Twelve
bits of that word convey the number of W48 sec. increments contained in
the correction to be made; those bits are loaded into the down counter.
Two bits in the control word designate the correction mode and one bit
designates the sign of the timing correction; these latter bits are
stored In a control latch. The latch outputs cause appropriate gates to
be enabled during the correction interval . A transition of the down-
counter outputs to a nonzero state is sensed by circuits which respond to
enable a correction cycle and toggle the down-counter in sequence until
the counter returns to the zero state . If the X-STRAP (cross strap)
switch (see Figure 1) is in the up position and the appropriate mode
control bit is set, the transmit and receive time bases are shifted by
equal amounts but in opposite senses . This feature is used to provide
doppler compensation to the transmit time base on an open-loop basis.

The amount by which the transmit time base is advanced relative to
the receive time base can be both monitored and set under program control.
At the beginning of each slot in the receive time base, the contents of

:-~~ the (binary) transmit clock are stored in a latch; the latch outputs are
made availabl e to the controller input bus . Thus, a measure of the timing

• differential (modulo one slot duration) can be made available to the soft-
ware by executing an appropriately-addressed input instruction. To set
relative timing, a circuit which inhibits toggling of the transmit clock

— is activated under program control and the desired relative time dis-
placement Is the output to the transmit clock. Reactivation of the
toggle input to the transmit clock occurs automatically at the beginning

• of the following receive slot. Initiation of the read and set operations
at instants in time which result in proper circuit operation is assured
by incorporating the instructions which cause those operations to be per-
formed in the receive slot interrupt routine.

11
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4. The Correlation Processor

The time base correction circuits, the digital controller, and the
correlation processor (see Figure 3) jointly form two sampled—data delay
lock loops . One loop provides closed-loop control over the receive time
base and, if desired, open-loop control over the transmit tine base; the
other loop control s the transmit time base on a closed-loop basis. Nor—

- 
• 

mally, the correl ation processor ‘Is operated sequentially to process the
network clock pulses received during the network clock slots and the R
portions of the received L/R bursts during the assigned R slots (in the

• receive time base). The mode in which the correlation processor operates
during each slot in the receive time base is determined by the states
of selected receive control latch outputs and thus, by the digital con-
troller. Two reference signals are generated within that processor which
have essentially the sane temporal structure during a slot as the signal
being processed during that slot. The reference signals differ in that
the codes employed to generate them are displ aced in time by t~ seconds ;
the timing of one code (or pair of codes ) is advanced by t~/2 seconds
relative to the receive clock and the other code (or pair of codes) is
retarded in time by ~/2 seconds relative to the receive clock. Both the
“early” and “late” codes (or code pairs) are impressed as biphase (or

• quadraphase) modulation on a doppler-corrected local oscillator (LO)
signal to generate the reference signals; the frequency of the LO signal
is nominally equal to 59.3 MHz. The received (70 MHz) signal is multi-
pl ied by each of the correlation processor reference signal s in separate

- - IF-correlator channels. Estimates of the cross correlations between the
modulations contained on the received signal and on the reference signals

• are obtained by bandpass filtering the lower sideband components of the
input by reference signal products -- the 10.7 MHz components -- and
“linearly” detecting the filter outputs. The two detector outputs are - •

F added and subsequently sampled at appropriate instants in time to provide

a sampled sum output; simi larly, the outputs are subtracted and sampled
to provide a sampled-difference output. The sampled-sum and sampled-
di fference outputs are both proportional to the level of the signal
processed duri ng the slot when the received signals ’s time base is dis-
placed relative to the receive clock by no more than W2 seconds. The
sampled-difference output is also proportional to the time base dis-
placement provided the magnitude of that displacement doesn’t exceed

~
/2 seconds. -

A twelve bit analog to digital (AiD) converter is employed sequen-
tially to convert the sampl ed (and held) outputs of the correlation
processor into digital representations. A correlation processor interrupt
flip-flop is set following completion of each A/U conversion. On servicing
a correlation processor -Interrupt request the digital controller executes
a correlation processor interrupt routine. That routine, In part, per-
forms processing operations on the digi tal data generated by the A/D con-
verter, enables execution of background routines, as approrpriate, and
causes the correlation processor interrupt flip-flop to be cleared. When

• the timing loops are operating -in a closed-loop mode, the background

- 
12
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routines calculate timing corrections from the converted—sum and con-
verted—difference data and output the corrections in an appropriate
form to the time base control circuit. The calculations performed on the
sum and difference data obtained through processing of the network clock
pulses Include the addition of four sum and four difference samples ob-
tained in the succession,* division of the accumulated data by the ac-
cumulated sum data when the accumulated sum exceeds a “breakpoint,”~~ andmultiplication of the normalized difference data (error estimate) by an
appropriate constant to form the correction. The normalization operation
maintains the receive-loop gain at approximately one independent of the
signal level when the breakpoint data constant is exceeded by the ac-
cumulated sum. No data averaging is performed in calculating a (closed-
loop) transmit time base correction; otherwise , the calculations performed
in estimating the timing errors within the two loops are similar.

5. Delay Lock Loop Control Concept

A delay-lock loop does not respond to make the timing error small
if the magnitude of the error is greater than 3A/2 seconds; thus, means
must be provided for acquiring timi ng initially through open-loop control,
enabling -closed—loop operation, identifying loss of lock, and reacquiring
proper timing after loss of lock has been identified. In the TOMA modems,
all acquisition , reacquisition, and status identification operations
required to instrument the two sampled-data delay lock loops are per-
formed under software control by the digital controller . Consequently,
the sophisticated operations and decision mechanisms needed to achieve
a high level Of design effectiveness are easily provided. No attempt will
be made here to document the acquisition/reacquisition algorithms in detail.
Rather , procedures for enabling acquisition and simplified descriptions
of the techniques employed to acquire proper timi ng relationships will
be presented. The documentation of the software employed is contained
in Appendix I.

6. Receive Time Base Acquisition Procedures and Techniques

Following Initialization of controller operation, acquisition of
~~

- J - proper receiver timing is enabled automatically if the REACQ/PAUSE
switch (see Figure 1) is in the REA CQ position. During acquisition of
the receive time base, the receive clock is advanced in one-~ incrementsuntil the total timing shift equals one slot duration (l46A), the maxi-
mum timing uncertainty of the modulo one-slot receive (hardware) clock.

*The number of data samples accumulated is determined by a software data
constant; thus, that number can easily be changed.

~~Otherwtse, the accumulated difference is divided by the breakpoint dataconstant.

13
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The transmit/receive code generators are set to initial states at the
beginning of each transmit/receive slot. Thus, although the codes
employed repeat after 127 symbols, the effective code period equals
l46a. Following each timing shift, the correlation processor is
enabled to operate during each of thirty—two successive slots with the
early and late codes (or code pairs) which have the same structure as
the code (or code pair) contained on the network clock signal applied
to that processor’s reference Inputs. Each of the resulting thirty—
two sampled—sum outputs generated by the correlation processor is read
by the digital controller and compared with the largest preceding out-
put. If an output exceeds the largest preceding output, the latter
output is set equal to the current sian output, an overshift variable
is set to zero, and the value of the receive-slot software counter
during which the response occured is stored in an appropriate location
of the data memory. Should all thirty-two samples be smaller than the
largest preceding output, the overshift variable Is (effectively)
incremented by A seconds. The procedure is repeated if a threshold
level defined by the software Is not exceeded by the largest response
observed and If the REACQ/PAUSE switch was not placed In the PAUSE
position during the search cycle. If the threshold is exceeded,
the receive time base Is corrected for the overshift introduced
following occurrence of the largest sampled-sum output, the receive
slot counter is set to zero at an appropriate time as determined from
the stored value of that counter, and a lock val idation phase of
operation is enabled. A search for the clock pulses which occupy
two consecutive slots at the beginning of each frame, i.e., subframe
identification (see Figure 2), Is Initiated following a valid lock
indication. Successful completion of the receive time base acquisition
algorithm results in the SRCH and NO LOCK CLK lamps (see Figure 1)
being extinguished.

7. Transmit Time Base Acquisition Procedures and Techniques

Two means are provided for establishing proper transmitter timing
at a terminal when the modem Is configured to establish the LRF. If
the terminal/satellite round-trip propagation delay is not known a
priori ~o within plus or minus one-half of the slot duration -- approxi-
mately - 400 usec -- initial transmitter timing is established by the
coarse range subsystem (see Figure 3) operating In conjunction with
the digital controller. When enabled, the coarse range subsystem
causes the transmission of a low-level , pulsed-envelope, frequency-
swept signal . The amplitudes of the normal and coarse-ranging signals =
can both be adjusted from the front panel. The center frequency of
the “coarse-ranging” signal is near the first nul l in the spectra of
all other signals employed. Signal transmiss ion is enabled for one
complete subframe per signaling frame in synchronism with the transmit
clock. The subframe occupied by each transmitted pulse is calculated
from the modem’s address and remains fixed from frame to frarne.* V -

*The coarse range address Is not unique s ince only sixteen addresses are
availabl e for use by the forty-four terminals which can be acconinodated
by the overhead allocation.

14
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A digital frequency—synthesis circuit is enabled each time that sub—
frame occurs which causes the signal frequency to be swept over ap-
proximately 10 KHZ in a nominally-linear fashion during the pulse on
time. The transmitted coarse ranging signal is subsequently received
on the down—link and processed by a coarse range processor. That
processor essentially estimates the cross correlation between the
frequency—sweep modulations contained on the received coarse ranging
signal and on a reference signal which is generated in synchronism wi th
the receive clock. The reference signal is frequency.~swept in exactlythe same manner as the transmit signal , but during the assigned sub-
frame of the receive clock, and is employed as the LO input to one of
four down-converters contained within the coarse range processor.
When the time base of the received coarse-ranging signal coincides
with the receive time base, the desired- signal at the output of the
third down-converter has a constant frequency of 40 KHz during the
assigned subframe (provided the system frequency uncertainties equal
zero). The noise bandwidth at the third down converter’s output is
nominally equal to 20 (Hz. The desired correlation estimate is ob-
tained by amplitude limiting the 40 KHz signal , down—converting the
limi ted signal to 10 KHz, bandpass filtering the 10 KHz signal to a
noise bandwidth of approximately 150 Hz, envelope detecting the filter
output signal , and low-pass filtering the detector output. A threshold
detector is employed to compare the output of the low-pass filter wi th
a manually-set threshold voltage. That detector’s output is made avail-
able to the digital controller input bus.

Acquisition of transmitter timing to within the accuracy required
to transmit a pulse which arrives at the satellite within the assigned
L/R slots, i.e., coarse range acquisition, is performed under program

— - control. Following depression of the CRS RNG ACQ momentary switch (see
Figure 1), the CRS RNG ACQ lamp is caused to blink and the transmit

-

• time base is set in advance of the receive time base by an integer
number of slot durations.* That number can equal either of two data
constants defined by the software depending on the position of the
DLY SEL switch. The data constants have been assigned values which
are appropriate when the modem is operated in conjunction with a
satellite at a near-synchronous altitude. When the terminal is closer
to the suborbital point of the satellite than to the satellite horizon,
the DEL SEL switch should be placed in the Dl position; otherwise, the
D2 position is applicable. If the modem is operated in conjunction with
a terrestrial relay or a satellite in a nonsynchronous orbit, utilization
of the coarse range subsystem requires changing the software data
constants corresponding to switch positions Dl and D2 to appropriate

• values; the contents of an arbitrary data memory location can be changed
via the six character octal switch register and the LD ADR and ID MEN
momentary switches (see Figure 1). -

*The operations described are inhibi ted (delayed) if the receive timing
loop is not operating in the closed-loop mode.
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After the transmit time base has been set, transmi ss ion of the
coarse ranging signal is enabled and the output of the threshold de-
tector in the coarse range processor is input to the controller near
the end of the subframe assigned for coarse range acquisition as de—
termined from the receive (software) clock. The transmit time base
is delayed by one-sixth of a slot duration following processing of
each coarse range pul se until either a threshold crossing has been
identified and validated or a search limi t imposed by the software is
attained. A validated threshold crossing results in the CRS RNG ACQ
lamp being extinguished and enabling 0-? a fine range acquisition mode.
The latter operation causes the FM RNG ACQ lamp to blink. If a
validated threshold crossing does not occur before search is terminated,

- I the CRS RNG ACQ lamp is turned on continuously.

During fine range acquisition, i.e., during acquisition of
precise transmi tter timing , a pulse having a one-slot duration is
transmitted within each L/R slot pair assigned to the modem (as de-
termined from the transmit clock). The leading edge of each fine
range acquisition pulse occurs near the center of the corresponding
L slot. The correlation processor is operated in a fine range acquire
mode duri ng each occurrence of the L/R overhead slots as determined from
the receive clock. Proper transmitter timing is identified by com-
paring the sampled-sum output of the correlation processor following
processing of the fine range acquisition pulse with a threshold equal
to one-half of the average value of four successive sampled-sum outputs
resul ting from network clock pulse processing. The transmit time base
is successively advanced and delayed in a pattern which provides the
equivalent of a one-A search increment unti l an acquisition criterion
is satisfied or a search limi t imposed by the soft-ware is attained.
I-f the acquisition criterion is satisfied, the FM RNG ACQ and NO LOCK
RNG lamps are turned off, the TX ROY lamp is lit , and a closed-loop
mode of operation is enabled. Otherwise, the FM RNG ACQ lamp is lit
continuously.

The fine range acquisition mode of operation can also be enabled
by depressing the FN RNG ACQ momentary switch.* On responding to the
switch closure, the control program causes the FM RNG ACQ lamp to bl ink,
sets the transmit clock relative to the receive clock, and enables the
fine range search procedure. Again , the amount by which the transmit
clock is initially advanced relative to the receive clock equals either
of two values depending on the position of the DEL SEL switch. When
that switch is in the Dl position, the initial offsets set into the
hardware and software transmit counters are taken from two data memory
locations which are loaded from the front panel . In utilizing this

*The coarse range subsystem Is inoperative when the modem is con-
figured to establish the HRF ; thus, for that configuration, the fine
range acquisition mode is the only means available for establishing
proper transmitter timivtg . 
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mode of operation, the integer number of data slot durations contained
in the available terminal/satellite round~trip propagation delayestimate is loaded into one data memory location and a representation
of the residual fractional-slot duration contained in the estimate Is
loaded into a second location before depressing the FN RNG ACQ momentary
switch. Al ternatively, a previously-measured value of the round trip
delay which is stored in two other data memory locations can be employed
to set the transmit counters by placing the DEL SEL switch in the d2
position. This latter procedure should be employed only if the two
timing loops were operating closed—loop tn the recent past.

8. The Differential Detector

The differential detector generates a baseband representation of
the data contained on signals received during selected time slots.
Operation of the differential detector is inhibited when the receive
timing loop is considered “out of lock” by the control software. Both
the transmit and receive timing loops must be considered locked before
the transmission of pulses during data slots is enabled. Two down con-
versions are performed within the differential detector. The 10 signal
employed in the first down conversion is generated by biphase/quadraphase
modulating a doppler-corrected 59.3 MHz sinusoid with an “in-phase”
code/code pair. Multiplying that 10 signal with the received signal
and bandpass filtering the 10.7 MHz component of the multiplier output

- :  resul ts in removal of the spectrum-spreading code and compensation of
the down-link doppler. A 10.7 MHz variable-gain ampl ifier and as-
sociated control circuits are employed to provide automatic gain
control (AGC) on an open-loop basis. An estimate of the network clock
signal ampl itude is employed to control the amplifier gain. That
estimate is generated by sampling and holding the correlation processor
sum output at appropriate instants in time, and lowpass filtering the
output of the sample/hold circuit. The amplitude-controlled 10.7 MHz
signal is mul tiplied by two phase—quadrature 10.7 MHz LO signals in
separate mixers. Each mixer is followed by a baseband amplifier, an
integrate/dump circuit, and a sample/hold circuit. The outputs of the
two sample/hold circuits can be considered as the orthogonal components
of a vector which respresents the received signal during the interval
(data bit) in which they were generated. The sampled and held values
of the integrator outputs are applied sequentially to an 8-bit A/D
converter by an analog multiplexer. Digi tal representations of the
signal “vector” generated by the A/D converter are subsequently
processed by digital circuits which form the dot product of successive
vectors. When that product is positive or zero, the detector outputs a
zero; otherwise, the detector outputs a one. Subsequent processing
and/or management of the detected data is performed either by the I/O
device buffers as described previously or by the link buffer, depending
on the slot in which the data is received.

17



~ ..
~—- -“--•— .---.-,-

_ _ _  

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

9. The Link Buffer

The link buffer (see Figure 3) Interfaces the linking and network
control algorithms with the receive and transmit subsystems. Data
received serially during all h R  slot pairs and during selected LLL
NCT overhead slots (see FT~ re 2) Is formatted into successive bytes
containing eight bits each by the receive portion of the link buffer.
A link interrupt flIp—flop is set after each complete byte has been
received. On servicing a link -Interrupt, the digital controller reads
the buffer contents , performs intermediate processing operations , sets
flags to enable background routines, as appropriate, and clears the
link interrupt flip—flop. All linking and network control words
transmitted tn the L/R and LLL assignments are converted from an
asynchronous parallel format to a synchronous serial format by the
transmit portion of the link buffer. The entire word to be trans-
mitted is output to the buffer during the slot imediately preceding
the overhead assignment in which transmission is to occur on execution
of an output instruction contained In the transmit slot interrupt
routine. Acconinodation of the twenty-four bit network control words is
achieved by allocating two device addresses to the buffer. The low
order sixteen bits of each network control word are output to one address
and the high order eight bits are output to another address on execution
of separate output instructions. Note that the address of a network
control terminal must be selected so that the ILL and L/R assignments
are not contiguous if the buffer is to operate properly. The transmit
slot interrupt routine also contains instructions which cause an ap-
proprtate transmit control word to be output to the transmit control
buffer. As described previously, the control word is loaded into a
transmit control latch at the beginning of the following slot. Serial
transmission of the control word from the buffer is enabled when

— selected outputs of the transmit control latch are active.

10. The Frequency Synthesis and Control Subsystem

Efficient operation of the differential detector and the cor-
relation processor requires that the center frequencies of the second IF
signals differ from 10.7 MHz by no more than approximately 200 Hz and

- )  1.6 KHz when the LRF and HRF are established , respectively. An automatic
frequency control (AFC) loop maintains the frequency offsets resulting
from relative satellite/terminal (aircraft ) motion at acceptable values
when the modem Is operated in conjunction with a UHF satellite and -In
the LRF mode.* A 10.7 MHz voltage controlled oscillator (YCO) provides

*Doppler tracking would not be required if the HRF could be employed
in conjunction wi th a UHF satellite; however, the UHF channels currently
availabl e do not have bandwidths adequate for supporting the HRF. If a
SHF satellite is employed, control over the frequencies of the LO sig-
nals used to down-convert the received signal to 70 MHz and up-convert
the 70 MHz transmit signal to the transmit band must be provided by an
external subsystem, e.g., a beacon track subsystem. Al ternatively,
means for performing a two—dimensional frequency/time search could be
incorporated within the modem.
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the variable frequency capability required to instrument that loop.
Signals synthesized from the YCO signal Include the nOminal 59.3 MHz
first LO signal and a 70 MHz signal which is modulated to generate the
IF transmit signal. Generation of the 59.3 MHz LO signal is ac-
complished by- mixing the YCO output signal with a fixed~frequency70 MHz signal and bandpass filtering the lower sideband component of
the product signal . The nominal 80.7 MHz upper—sideband component is
mixed with a fixed—frequency 10.7 MHz signal to generate the nominal
70 MHz signal . The fixed—frequency 10.7 MHz and 70 MHz signals are
synthesized from the 1 MHz reference oscillator signal within the fre-
quency synthesis and control subsystem. If the VCO signal frequency
equals 10.7 MHz + Af and the frequency errors associated with the

- 
- fixed-frequency signals are assumed to equal zero, then the synthesized

signals have frequencies of 59.3 MHz - Af and 70 MHz + A f. Thus, if
the frequency error in the received signal is due solely to down—link
doppler and the VCO loop operates to maintain the second IF at exactly
10.7 MHz, then the down-link doppler will be impressed open-loop on the
transmit frequency in an inverted sense. This approach to doppler
compensation is imperfect since the signals actually transmitted to
and received from the satellite have different carrier frequencies;
thus, those signals experience different doppler shifts. While the
design is adequate for current UHF applications , a significant improve-
ment in other frequency bands can be achieved by replacing the analog
VCO with two digital frequency synthesizers which have digital control
inputs. Accurate control over both the transmit and receive frequencies
can then be provided by the digital controller. This alternative ap—
proach may be incorporated in later models.

The AFC loop operates to maintain the difference between the cross-
over frequency of a 10.7 MHz frequency discrimi nator and the frequency
of the down—converted network clock signal at a small value. An
estimate of that difference is obtained by sunining the two 10.7 MHz
correlation processor IF signals , soft limi ting the sum signal , proc-
essing the soft limi ted signal with the frequency discriminator, and
sampling the discriminator output at appropriate instants. The sampled
values are filtered (integrated) to generate the VCO control voltage.
Control over the mode in which the AFC loop operates is provided by
the digital controller. In addition to the closed-loop mode of oper-

— ation, the VCO control voltage can be held at a current value or set to
- 

- I zero. The latter mode is enabled during acquisition of the receive
clock since a signal appropriate for extracting an error estimate is
not available when the receiver is improperly timed. An initial net-
work clock signal frequency offset up to approximately 500 Hz or 4 KHz

4 can be tolerated during acquisition of receiver timing depending on
whether the LRF or HRF is established, respectively. After proper
receiver timing has been established, the closed loop and hold operating
modes are enabled, as appropriate , depending on the state of the
receive timing loop. A control override switch which is accessible
from the front panel can be activated to prevent the AFC loop from
being enabled .

19



-- - - -- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
~~~ _______

—
~~~~~~~ ~~ ~~~~

— 
~

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- --

11. The 75 bps Buffer

The 75 bps buffer is designed to operate in conjunction with a
serial I/O teleprinter which contains TTL-compatible I/O circuits.
The symbols applied to the buffer input must have a nomi nal duration
of 1/75 second. The transmit portion of the buffer can be used either
to accept data from the teleprinter for ininediate transmission or to
store messages composed off-line for subsequent transmission; stored
messages can contain up to sixty—four characters. A universal , asym—
chronous receiver/transmitter (LIAR/T) device contained within the
buffer functions, in part, to identify and discard the start and stop

- - bits associated with each character output by the teleprinter. Eight
symbols, e.g., a seven-bit ASCII character and an associated parity
bit, are buffered and subsequently transmitted at the burst rate
for each character input to the modem. Data received In bursts on the
down-link during time slots in which the teleprinter is operating is
processed by the receive portion of the 75 bps buffer. Circuits wi th-
in the buffer cause the received data to be discarded until two
carriage return characters are detected in succession . Normally,
data received after consecuti ve carriage returns have been detected
is output to the teleprinter If (and only if) the SEND/RCV swi tch is
in the RCV position. The teleprinter can be operated in an echo mode ,
however, by setting a mode switch accessible from the front panel to
the appropriate position. Of course, this mode of operation is use—
ful only when the data bit length associated with the teleprinter
assignment is compatible with the terminal ’s receive capabilities .
The receive portion of the buffer is disabled on detection of two
consecutive control 0 characters, or on a transition of the SEND/RCV
switch from SEND to RCV. Data stored in both the transmit and receive
portio~s of the buffer 

is cleared out on a SEND to RCV transition .

12. The 2400 bps- Buffer

The 2400 bps buffer provides a plus/mi nus six volt military standard
interface between the modem and a 2400 bps I/O device . Data input to
the buffer must be generated in synchronism with a (continuous) 2400
Hz transmit clock provided by the modem. The input symbol s are stored
temporarily and output from the buffer at the instantaneous data rate
during the assigned data slots. Normally, data is extracted from the
buffer at an average rate exactly equal to the rate at which it is filled .

— 
Data received in bursts during appropriate slots is input to the receive
portion of the buffer. Subsequently, the data is output to the ex-
ternal device at a uniform 2400 bps rate in synchronism with a 2400
Hz receive clock if a data transfer criterion Is satisfied. The trans- 

—

fer of dcta is inhibi ted when the external send/receive switch -is in
the send position and the DPLX/SMPLX switch is in the SMPLX position
(see Figure 1). If a simpl ex assignment is in use, an echo mode of
operation can be established by placing the DPLX/SMPLX switch in the
DPIX position after the assignment has been established . Start and
stop bits are appended to each received character by the UAR/T before
the character is output to the teleprinter. 

-
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SECTION IV
OPERATING PROCEDURES

1. Introduction

Operating procedures are described in this section which apply
when the modem has been properly aligned , and calibrated , and when

- - all test mode and configuration (behind the panel) switches are in
the proper position (Table III). The procedures given through Section
8 apply at all terminals in the network. At network control terminals,
which use random—access memories , addi tional operati ng procedures must
be followed as described in Appendix III.

Ininediately before the modem is turned on, the transmi t network
clock swi tch must be off at terminals not assigned to transmi t the net-
work clock signal ; all other front-panel toggle switches can be positioned
arbitrarily at those terminals when power is applied. At the terminal

— assigned to transmit the network clock signal , the network clock is on ,
the switch inhibit ranging loop corrections swi tch is in normal position,
and the inhibit transmitter switch in in normal position . These latter
switch positions may be established ei ther before or after the modem
is turned on.

2. Power Turn-On and Turn-Off

Power is applied to the modem by depressing the standby power
switch and then the operate switch. Depressing the standby switch
applies power to the 1 MHz reference oscillator and the 10.7 MHz VCXO .
From a cold start, these oscillators should be turned on for approximately f
thirty minutes to allow stabilization of their frequencies before oper-
ating the modem. To turn the modem off completely, the operate switch
should be depressed before pressing the standby switch. It is recom-
mended that standby power be applied continuously when possible.

3. Operating the Clock Loop

The receiver gain should be set approximately half-scale on the
noise level meter when receive noise is present in the system. Auto-
matic acquisition of the network clock is enabled by depressing the
master clear momentary switch with the reacquisition-pause toggle
switch in the acquisition position . The search light will flash unti l
the initial acquisition algorithm has progressed to the point where -

sh ifting the time base in one chip increments is no longer required at
wh ich time the search light is extingUished . The no-lock clock light
is extinguished after the initial acquisition algori thm has been corn-
pleted successfully. Should a valid lock fail to be established or
the receiver lose the network clock, automatic reacquisition will
occur unless the reacquisition-pause switch is placed in the pause

f 
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TABLE I I I
- 

- 

Configuration and Test Switches

L ~
Q
~~
!l I 2 I 3 J 4 I 5 l 6 I 7 l 8 J Il I 2 I 3 1 4 I 5 I 6 I 7 I 8 I 1 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 1 1
AS3 AS2 AS1

- 
______ Configuration + Test ‘1

________ 

Configuration Switches

- Switch Function
- 

AS3-1 MSB’ 
-

_AS3-2 OFFx1
- 

AS3-3 - ON =0
- AS3-4 - Modem Address
- AS3-5 - 0,1, and 4n where n~1,2, ... are

- AS3-6 disallowed (base ten) addresses.
AS3-7 For low rate format, AS3-1, AS3-2,

- AS3-8 and AS3-3 are on.
AS2- 1 LSB

- AS2-2 NCT OFF at network control terminal
- AS2-3 MSB ), 

~~~~~~~~~ 
Network control terminal address

AS2-4 LSBJ ““~~ ‘ 00 is disa llowed
- AS2-5 HRF OFF for high rate format

AS2-6 ~~Jj~ 
OFF for biphase - ON for QuadraDhase

AS2-7 CRTTY ON for TTY echo 
-

______ 
Test Switches

_ _ _ _
- ;  AS2-8 INRCM OFF inhibits receive code modulation norm. ON

- 
- - 

~S1-1 CPEN ON enables corre lation processor continuously norm. OFFAS1-2 _ DDEN ON enables differential detector Continuously norm. QFF
- :  -, AS1-~~ AFCINH OFF inhibits AFC norm. ONASI-4 CONTX ON enables continuous transmission norm. OFF
-~ :~ AS1-5 _NOCODM OFF inhibits normal code modulation not-in. ONAS1 —6 DATM INH _OEE inhibits data modulation norm. ON

I AS1-7 UMLLTX OFF enables unmodulated low-level transmission norm. ONAS1-8 UMTX ON inhibits transmitter phase modulation norm. OFF

22
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position. After the network clock signal has been acquired the re-
ceiver gain can be readjusted so that location 0002568 on the octal
display reads approximately 0020008. (See Table IV for information
contained in memory and corresponding memory locations.)

4. Operating the Range-Tracking Loop

To acquire proper transmitter timing at terminals not trans-
mi tting the network clock signal , inhibi t range switch and inhibi t
transmitter switch must both be in the normal position , and the net-
work clock loop locked. The cross strap switch may be either off or
on; its position can be changed at any -time. When operating in the
low-rate format (LRF) If only a course estimate of the terminal round
trip propagation is available a priori at the time range loop acqui-
sition is initiated, the delay selec t swi tch is set at either the Dl
or D2 position. If the delay select switch is set at D2 the range
starts at 5408 slots (.293 sec.) and decreases to 4488 slots (.240 sec).
In the Di position the range starts at 5008 slots (.266 sec) and de-
creases to 4008 slots (.213 sec.). To initiate coarse range ac-
quisition the coarse range acquisition momentary switch is depressed.
This enables a sequence of actions which result in the transmitter being
timed to within sufficient accuracy to allow ranging pulses to be
transmitted in the periodically occurring link/range slot pairs with-
out overlapping adjacent assignments. The coarse range acquisition
light is extinguished on completion of the coarse range acquire
algorithm and a fine range acquire algorithm is enabled automatically.
When the transmi tter timing error has been made sufficiently small ,
the fine range acquisition light is extinguished and the range tracking
loop is enabled. After a valid range loop lock criterion is satisfied,
the no-lock range light is extinguished and the transmit ready light is
lit. If the acquisition attempt fails at any point in the algorithm,
the ranging loop is returned to the pre-initiate—acqu-isition status
an d no further action is taken until the coarse range acquisition
switch is again depressed. In the event that the valid lock criterior
fails to be satisfied after acquisition has been completed, closed-
loop corrections to the ranging loop are inhibi ted and the no-lock
range light is lit. Should the valid ranging loop lock criterion again
be satisfied wi thin four frames after the no-lock light is lit , the
ranging loop is re-enabled and the no lock range light extinguished .
Otherwise , a reacquisition algori thm is enabled which causes the trans-
mit time base to be searched over a plus-two-chip to minus-two-chip

-

~~~~ 
- range. Duri ng this time, both the fine range acquisition and the no-

lock range lights are lit and the transmit ready light is extinguished .
A successful reacquisition attempt results in the fine range acquisition
and no-lock range lights being extinguished in that order and the
transmit ready light lit. The coarse ra~ige acquisition time can bea maximum of 2.75 minutes.

23
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The coarse range acquisition procedure may be by-passed if 1) the
round trip delay is known 

-~~~ priori to sufficient accuracy (one hal-f slot
“400 usec.) when acquisition of transmitter timing is initiated , or 2) a
sufficiently short interval of time has elapsed since the two timing
loops were properly locked to allow use of the round-trip delay estimate
stored in the modem’s memory, provided the master clear switch has not
been deprssed since the last operation. When the latter case applies ,
the delay select switch is set to D2 position and the fine range
acquisition switch depressed. This causes the transmitter timing to
be advanced relative to the receive clock by an amount equal to the
stored round-trip delay estimate and enabling of the fine range acquire
algori thm. When a sufficiently accurate round trip delay estimate is
availabl e prior to initial locking of the range loop, the coarse
range procedure can be bypassed by converting the round trip delay
into an octal representation using the procedure given in Appendix IV.
The octal representation in terms of slots is loaded into locations
608 (coarse range) and the fine range is loaded into location 618. The
delay select switch is placed in Dl position and depressing the fine
range acquisition switch causes the modem to assume a correct slot
count from location 608 and proceed to fine range acquisition using
the approximate informati on stored in location 618. The coarse range
slot count can be displayed by selecting location 2108 and the fine
range count by selecting location 21l~.

Closed-loop corrections to the transmit time base and enabl ing of
the range loop reacquire algorithm can be prevented from occuring by
turning the inhibi t range switch to inhibit. The transmission of all
pul ses can then be inhibited by turning the inhibi t transmit switch
to inhibit. Under these conditions, when the cross-strap switch is on,
the transmit timing error will accumulate at a rate determined primarily
by the stability of the 1 MHz frequency standard relative to the
stability of the network clock signal at the satellite*. I-f the trans.
mitter and ranging loop are re-enabled (in that order) before the
transmi tter timing error accumulates to approximately one chip, the
ranging loop will lock without enabling of the reaquisition algorithm.

*Up..link doppler experienced by the network clock signal is auto-
matically compensated if the cross strap is enabled at the terminal
which transmits the network clock signal.
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5. Operating the Switch Register and Display 
-

An octal switch register and octal display are provided on the
left side of the control panel to allow displaying and/or altering
the contents of selected locations in the random access memory (RAM).
The display is enabled by turning display switch to “on”. To display
the contents of a location in RAM, the location is set into the switch
register and the contents are automatically displayed.

The contents of a location in the RAM can be altered by 1) setting
the memory location into the switch register, 2) depressing the load
address switch, 3) setting the contents to be loaded into the location
addressed, and 4) depressing the load memory switch. This feature

- - 
allows several constants which affect the modem’s performance to be
altered. Constants loaded from the front panel are returned to their
original values when the modem is turned off and back on or when the
master clear switch is depressed. A listing of the most useful in-
formation contained in memory and the corresponding memory locations
is given in Table IV.

6. Procedure for Establishing a Time-Ordered Channel
Allocation for Teletype and/or Vocoder

Two means are provided for establishing an assignment of slots
in the signaling format under operator control for use in conjunction
with a particular I/O device. Normally, assignments would be made by
up to three network control terminals on receipt of requests for
assignments from the user terminals. To request a data slot assign-
ment one of two request-priority levels and the type of assignment
desired are first selected by positioning the appropriate toggle
switches -rn the device control panel . For teletype operation, the
bit length switch is set to either short or long bit length (for
low-rate format operation only), the priority switch is set to
low or high priority, and the send/receive switch to send. For vocoder

-
s operation the priority switch is set to high or low priority, the

duplex/simplex switch to duplex or simplex , the transmit bit length
to short or long bit length (low-rate format only), and the receive
bit length to short or long bit length (low rate format only). The
request is then initiated by depressing the request assignment switch.
The switch closure causes an appropriately-coded sixteen bit control wOrd

¶ to be transmitted three times by the modem in its h R (overhead) as-
- 

- 
slgnment; one sixteen bit word is transmi tted in each h R  slot pair.
Two bits in the control word desginate the particular NCT with which

— the modem is to interact; those bits are preassigned. The modem at
each NCT detects all control words conveyed in the h R  slot pairs and
outputs them to an external instrumentation computer. In turn, the
control words are processed by a network control algori thm.*

*A network control algorithm has been developed for RADC by the Computer
Science Corporation.

- 
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A control word is considered valid at a NCT if It has been received
in at least two out of three successive L/R assignments of a given
terminal and contains NCT Identification bits which match that control
terminal ’s address. On receipt of a valid data-slot assignment—
request control word, the network control algorithm determines if therequest can and should be honored based on the availability of non-

- assigned time slots capable of supporting the requested data rate and
the request priority. If a time ordered channel is to be allocated ,
two sixteen-bit words are output to the NCT modem; only twenty-four
of the thirty-two bits convey control information. The network control
words contain, in part, the address of the terminal to which the message
Is destined as determined by the location of the h R  slot pair In which
the assignment request was received, and the identity of the channel
being assigned. In turn, the control word is transmitted once in eachof three successive ILL overhead slots assigned to the NCT (see Figure
2). Each modem detects all network control words transmitted by the
NCT to which it is assigned. Again, at least two out of three suc-
cessive control words must be Identical on detection for the control
-Information to be considered valid. Control word validati on is per-
formed in this Instance by a digital controller contained wi thin the
modem; external computers are required only at the NCT’s. A means for
loading the control program into the modem Is required , however, if
volatile random access memory devices are employed to instrument the
control memory (Appendix III). The receipt- of a validated assignment
network control word which contains the modem ’s address causes the
NO ASGN lamp (see Figure 1) to be extinguished and irmiediate enabling
of the assignment if the device is not “busy” servicing a call
originated by another terminal. Otherwise, enabling of the assign-
ment is delayed.

A time-ordered channel can also be selected manually by setting
an appropriate code word into the octal-switches on the device control
panel and then depressing the local control switch. A list of allowable
teleprinter and vocoder assignments is given in Table V.

L~ 
7. Linking Procedures - Teletype and/or Vocoder

— After a data slot assignment has been received from a network
control terminal or manually selected , links with termi nals to which
information is to be conveyed can be established. To link with a par-
ticular terminal , the address of that terminal (located on the con-
figuration and test switch panel — Table II) and a number designating

¶ the destination device (18 for teletype, 28 for vocoder) are set in-to
octal switches on the device control panel , and the REQ LINK momentary
switch Is depressed. This causes two sixteen-bi t link control words to
be formulated by the modem’s digital controller. The -first word conveysthe destination-terminal/device-number address and control bits for
distinguishing the link request from other types 0-f control words; the-

- 
- second word contains , in part, the data slot assignment on which the

link Is to operate. Each word Is transmitted three times in a total
of six successive h R  slot pairs assigned to the modem at which the link
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request is initiated. All control words conveyed in the L/R slot
pairs are detected at each modem. When a link-request control word
is received at a modem which contains the modem’s address, a link
validation algorithm is initiated by the modem’s digital controller.
First, the h R slot pair in which the provisional link request was
received, i.e., the calling terminal ’s address, and the control word
are saved in memory. Two control words are subsequently detected
during the following two L/R slot pairs which have addresses matching
the stored address.* If at least two of the three detected control
words are identical and the matching words are appropriately coded,
the digital controller performs a similar two-out-of-three test on
control words detected during the four following occurrences of the
appropriate h R  slot pair. The operations following receipt of a
validated “second” word depend on the status of the device being
called. If the device -Is not busy and the send/receive switch is
in the receive position ,** operation of the device on the assignment
conveyed by the validated second word is enabled , the NO LINK lamp
on the control panel Is extinguished , and an “acknowledge—proceed”
control word containing the address of the calling terminal is trans-
mi tted three times by the called terminal in the L/R slot pair
assigned to the latter terminal . On receipt of a validated acknowledge-
proceed control word at the calling terminal in the L/R assignment of
the terminal being called, the NO LINK lamp is extinguished . If the
device called is busy or the SEND/RCV switch is in the SEND position ,

- -
- and if the received link request has not been preceded by a request

having the same or higher priority as the current request, an acknowledge—
busy control word containing the calling terminal ’s address is trans-
mitted three times, appropriate information is stored in a call-waiting
table, and the CALL WTNG lamp is either lit continuously or caused
to blink. A blinking CALL WING lamp indicates that the received link
request has been assigned a high priority by the calling terminal .
Reception of a validated acknowledge-busy code word at the calling
terminal causes the NO LINK and RDY lamps to be extinguished . Should
a high priority link request be received at a terminal after receipt of
a waiting, low-priority call and before the latter call has been serviced,
the low-priority call is “bumped” by successively transmitting three
terminate-link control words containing the low-priority caller ’s
address and three acknowledge-busy control words containing the address
of the high priority caller in the L/R overhead assignment.*** Al so,

*Each slot address occurs once per frame. 
-

-
. -

~ **A send/receive switch is not provided on the 2400 bps device control
panel ; It has been presumed that an appropriate switch will be
available as an Integral part of the I/O device.

~~~~ concept, an arbitrary number of waiting calls could be maintained in
a queue. The data and control memories wi-thin the prototype modems-
are not sufficiently large to store and service more than one waiting
call at a time.
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the CALL WING lamp is caused to bl ink. The receipt of a validated
terminate-link control word at a calling terminal after receipt of
a validated acknowledge—busy control word causes initialization of
the control routine (software) and the control panel lamps to the
state that existed before the link was requested.

An established link can be terminated at either the called or
call ing device by depressing the CLR momentary switch. This causes
the transmission of three terminate-link control words which contain the
address of the terminal with which the device Is linked . When a link
is terminated either under local control or on receipt of a validated
terminate-link control word, a check is made to determine if a call
is waiting. If a call Is waiting and the SEND/RCV switch is In the
RCV position , the following operations are performed: 1) information
contained in the call-waiting table is transferred to a busy table,
2) operation of the I/O device is enabled on the time-ordered channel
indicated by the “second” link request control word received previously,
3) the CALL WING, NO LINK, and RDY lamps are extinguished if necessary,
and 4) an acknowledge-proceed control word containing the address of

- 
- the calling terminal is transmitted three times in the appropriate LIR

assignment. The servicing of a waiting call is inhibited (delayed )
i-f the SENO/RCV switch is in the SEND position. If a call is not
waiting following termination of a link or if the SEND/RCV switch is
in the SEND position, operation of the device on its assignment is
enabled if the device has an assignment;* otherwise, the device is
disabled .

8. Procedures for Terminating an Allocation

fl An assignment is relinquished irrespective of the manner in which
U it was obtained by depressing the REL ASGN momentary switch; the switch

I-’ closure is disregarded if the assignment is in use. The NO ASSN lamp
is lit ininediately when the assignment is relinquished. Should that
lamp not come on, depressing the CLR and REL ASGN momentary switches
in succession will cause the channel to be released. If the assignment

- — was received from a NCT, depressing the REL ASGN momentary switch
causes an assignment-relinquished network control word to be transmitted
three times (provided the switch closure is not disregarded). The
detection of a validated assignment-relinquished network control work
at a NCT causes the status of the relinquished time slots to be changed
from “in use” to “availabl e for assignment”.

The LLL overhead slots allocated to a NCT can be used to request
the relinquishment of an assignment made by that control terminal if
appropriate provisions are Incorporated in the network control algorithm.
The modem is currently configured so that the receipt of a validated
relinquish-assignment network control causes a REL ASGN lamp to bl ink;
depression of the REL ASGN momentary switch is required before the
assignment is actually relinquished .

*~~ assignment can be used to establish links in sequence after a link
request has been received from another terminal if the SEND/RCV switch
Is in the SEND position each time a link is terminated.
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TABLE IV
DATA MEMORY LOCATION AND CONTENTS

Location Symbol Description

H 0040 MRSYNC Receive Sync Mask
0041 RSYNCT Receive Sync Time
0042 MISYNC Transmit Sync Mask
0043 TSYNC Transmit Sync Time
0050 RORN G Rollover Value of Range Counter, LRF
0051 RORNGH Rollover Value of Range Counter
0056 RTSD1 Number of Slots in Initial Round Trip

Delay for Dl Position
0057 RTSD2 Number of Slots in Initial Round Trip

Delay for D2 Position
0060 IRNG1 Number of Slots Contained in RTD when FNRNG

Enabled Using the Dl Position
0061 IRNG2 Initial Val ue of Range Counter when FNRNG is

Enabled Using the Dl Position
• 0062 SCHINC Search Increment 48 % One Chip (

~
)

0063 DCNTMX Maximum Value of a Clock Loop Acquisition Counter
0064 CLAQTH Clock Loop Acquisition Threshold

H 0065 CLSCMX Maximum Value of a Clock Loop Search Counter
0066 CLPCMX Maximum Va lue of a Clock Loop Pulse Counter
0071 AVMJM Number of Clock Pulses Processed to Obtain

One Clock Loop Error Estimate
0075 CLTHMN Minimum Val ue of Accumulated Sum Signal for

Clock Loop Track to be Maintained
0076 SFCTMX Maximum Number of Subframes Contained in

the Double-Pulse Search Interval
0077 LOFCMX Maximum Number of Subframes Missed Before Loss

of Clock Loop hock is Declared
0102 RAQCMX Maximum Value of a Range Loop Acquisition Counter
0103 RLSCMX Maximum Value of a Range Loop Search Counter
0104 RLPCMX Maximum Value of a Range Loop Pause Counter
0113 CRSINC Coarse Range Search Increment ‘102200 ~One Sixth of One Slot
0114 CRSCMX Maximum Val ue of a Coarse Range Search Counter
0115 CRPCMX Maximum Value of a Coarse Range Pause Counter
0117 CRDLY Maximum Number of Slots Contained in the Clock

4 - Loop Acquisition Interval if Coarse Ranging
Is to Proceed Automatically

— :1 0120 FRDLY Maximum Number of Slots Contained In the Clock
Loop Acquisition Interval if Fine Ranging
is to Proceed Automatically
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TABLE IV (Cont )

0121 RLDLY Maximum Number of Slots Contained in the Clock
Loop Acquisition Interval if Fine Ranging
Is to be Enabled Automatically

0210 RANGE1 Number of Slots Contained in the Round Trip
Delay when Course Ranging Has Been Acquired

0211 RANGE2 Value of the Range Counter When Fine Ranging has
Been Acquired

0256 SCCSUM Sampled Clock Count Sum an Indicator of the
Received Clock Signal Level

0257 RSUM The Value of the Course Range Search Counter
an Indicator of the Received Range Pulse Level

TABLE V
Allowable Assignments

Format Rate SF nr Slot nr

- -(~~~o O 0 )  0 0 0 0 1

HRF ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (0~)x x x
2400 (~~)x x x

— - ( ~~
) 0 0 0 0 1

-

‘ 
75 

—LRF — — X X  (O O ) X X x
LBL

2400 - - -  (0 0 ) - - -

Xx(~~~) 0 0 0 0 1 X
- - 75 

—

LRF x x x x  (O 0 ) X x x x
SBL 

—

_ _ _ _ _ _  

2400 — — — -  (O O)XXx-

-1 
-~~~

-~ -~- 
-
~~

Only time slots greater than 7 are allowed because the
network control overhead occupies most of the first 8 slots. - - 

-;

Digits like OO or O~~ O indicate that 00 or 00000 may not be
used for these digi ts.

-lH 30

,.— .
- 1- ~~~~~ - 

-
~~~

—-— _
I~~~__ ~~~~. - ~~~~~~~~~~ - -~~. —~~-~~~~~~-~~ - -- ~~ -- ~~~~~~~~~~~~~~~~~~~~~ -~ ---—~-- ——- -



~ 

- -~
_
~~~~~~

— - -
~-:i I -

~—~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

APPENDIX I
TDMA MODEM CONTROLLER

I. GENERAL

A. CONTROL MEMORY : 2048 16-bI t words
(expandable to 4096)

B. DATA MEMORY : 256 16-bi t words

C. REGISTERS:

1. X Register: 16-bi t accumulator

2. C Register: -1-bi t carry register

3. I, J, K Registers: 4-bit index registers

4. PC Register: 12-bi t program counter

D. ADDRESS FORMATION

Instruction addresses in the control memory are taken from
fl the Program Counter which normally advances one address for each

instruction executed. The Program Counter is loaded with new
addresses by branch instructions and by interrupts. When a short
branch Instruction is executed , the last ei ght bits of the instruc-
tion word are concatenated wi th the hi gh order four bi ts of the 

- . -

Program Counter, forming a 12-bi t address. If the instruction sped —
fies indexing, the four bi ts of the specified Index Register are ORed
wi th the low order four bi ts of the 12-bi t address.

Long branch instructions consist of two words. The address
Is taken from the low order twelve bits of the second word. If
indexi ng is specified, the index bi ts are ORed . When an interrupt
occurs the Program Counter is l oaded wi th 0.

Data memory addresses are taken from the low order eight
bits of data memory reference instructions . If the instruction
specifies indexing, the contents of the specified Index Register are
ORed with the low order four bi ts of the address.

E. INTERRUPTS

One interrupt is provided. If the interrupt Is enabled
by an lEN instruction and the interrupt line is true, an interrupt
will occur at the end of the current instruction. The computer will
save the address of the next Instruction to be executed in location
O of the Data Memory and branch to location 0 of the Control Memory.
The interrupt will be automatically disabled unti l reenabled by an
lEN instruction. The interrupt process takes one cycle. When the
ZEN , BRS, CMP, 1DM, or TST instructions are executed, interrupts are
delayed until the following instruction is executed.
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II. INSTRUCTIONS

A. DATA MEMORY REFERENCE INSTRU CTIONS

1. Format:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

~~~~~~~~ 
OP CODE I ZR ( ADDRESS 1

Index Register
No indexing if 0
See LDI,LDJ ,LDK for ZR code

2. Example:

INST. OP CODE FUNCTION TIME(cycles)

LDL 00000 Load X Left- Shifted

15 14 0
I I DATA MEMORY

X REGISTER 

~~ 0 ~~~

DtIO_14 X115

~~l5 ~ C

C —“- X0

32
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3. Instructions

INST. OP CODE FUNCTION TIME(cycles) —

LDL 00000 Load X Left Shifted 1

DM0.14 ~ 
X1_ 1 5

C —~- X 0

LDR 00001 Load X Right Shifted 1

1-15 ~~~ 
XO 14

C

hOC 00010 Load X Complemented 1

DM015 _—~~~~. X0_15

t

LOX 00011 Load X 1

X015 -
‘

LOD 01110 Load X Indi rect Thru 2
Data Memory

DM 0_ 15 X0_ 15 
-

The contents of bits 0-7
- -1 - of the data memory address
I — 

specified in the operand
subfield are taken as a
data memory address . X0..15
is loaded from this address.
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INST . OP CODE FUNCT ION TIME(cycles )

ADD 00100 Add to X

+ X015 ~~~X0 1 5
Carry —”- C

SUB 00101 Subtract from X

X0 1~ - DM0_~5 —~~X 0 1~
Borrow —a-C

CMP 11000 Compare

Same as SUB but the X Reg-
ister and C Registe r are
not changed. A branch in-
struction should fol l ow
ininediately. One instruction

• must be compl eted after CMP
before interrupt can occur.

TOM 11100 Test Data Memory
- Condition (positive , nega—

tive , zero, etc.) of CM0..15
is tested. A branch in—
struction should follow
ininediately. One instruction
must be completed after TDM
before interrupt can occur.

AND 00110 AND to X

CM015 AND X015 .—~.X~~15

I’-
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INST . OP CODE FUNCTION TIME( cycles )

1ST 11001 Test 1

Same as AND but X and C
Registers are not changed.
A branch instruction should
follow Ininediately. One in-

. 1 struction must be completed
after 1ST before interrupt
can occur.

OR 00111 OR to X 1

OR X0 1 5  —
~~~ - X015

XOR 01000 Excl usive OR to X 1

DM0_15 ® X015 —~-X0_15

ADC 01001 Add wi th carry to X 1

+ X0_ 15 + C —
~~~~ X015

Carry —
~~~

- C

SBC 01010 Subtract wi th carry from X 1

X015 - DM0 1 5  
- C ~ X0 1 5

Borrow —*C

MPS 01011 Multi ply Step 1

-.1 DM1 1 5  —~~X~~14
0

DM0 — i-C

35
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INST . OP CODE FUNCTION TIME(cycles )

MRS (Cont’d) If C = 1

:M~~~~ : ~0~15

DM0 + X 0 —~- C

DVS 01100 Di vi de Step 1

I f X  < DM

Borrow —i-- C (zero for + numbers)

If X > DM

X0 1 5  - DM0 1 5  —
~~~~~ X015

Borrow —
~~~~ C (1 for + numbers)

SIZ 11010 Store Zero 1

O —~-DM015

$10 11011 Store Ones 1

-: 
- 1777778 —k-

STX - 01101 Store X 1

—p—

SIC 01111 Store X indi rect thru 2
- -1 Data Memory

H X0 1 5  DM0 1 5
-
~ I The contents of bits 0-7

of the data memory address
speci fied in the operand
subfield are taken as a data
memory address. Xo_1 5 is
stored Into this address .

36
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B. X REGISTER ONLY INSTRUCTIONS TIME - 1 cycle
1. Format

— 

- 15 14 13 12 8 7 6  0
1 0 0 ~~~ OP CODE 1 11 ( OP CODE 2 1

Bits shown shaded in all formats are assigned zeroes bythe assembler.

2. Instructions:

INST. CODE FUNCTION

LS 017677 Left Shift X

X15 -_
~...C

XO_l 4 •_-
~~~~ Xl_ l5

0

LSC 013677 Left Shift X and C

Xl5 
-.__
~.~C

~~

C

RS 017737 Right Shift X

X0 —~.-C

Xl_ 15 XO..l4
0

RSC 013737 Ri ght Shift X and C

XO 
__

~
I
~~C

X1_l5 XO~l4
C

37 
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INST. OP CODE FUNCTION

INC 011740 Increment X

I X0_15 + 1 -
~~~~~~~~ X0 1 5

-
~~ 

- Carry —..-c
I

DEC 017757 Decrement X

X0~15 - 1 X015
- Borrow —

~~~~ C

SOC 010600 Set to One C
-

- 1—• ~• -c
-

~ CLC 016600 Clear C

CMC 014600 Complement C

SOX 001774 Set to Ones X

-l X0~15

CLX 001763 Clear X

-I - 

0 X0~15

- - 1 CMX 001760 Complement X 
-~ 

IT

I Xo_ 15 __•
~~~~ Xo~15

NOP 000200 No Operation
I- 

.
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C. SHORT BRANCH INSTRUCTIONS

t 1. Format:

15 14 13 10 9 8 7 0

J 0 1 ~~~CH ZR ADDRESS I
I

2. Instructions:

INST. FUNCTION TIME(cycles)

BR Short Branch

If the BRANCH COND. is satisfied,
the address formed from PC8..11,
ADDRESS and the Index Register,
if specified, is loaded into the
Program Counter. See LDI,LDJ ,
LDK for ZR code.

BIT
BRANCH COND. 13 12 11 10

Carry (C) 0 1 0 0

No Carry (NC) 1 1 0 0

X = O  (EQ ) 0 1 1 1

X < O  (LT) 0 0 0 1

X < O  (LE) 0 0 1 1

Uncond. Branch 1 1 0 1c
H X~~ O (NE) 1 1 1 1

X~~~0 (GE ) 1 0 0 1

X > 0  (GT ) 1 0 1 1

39

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~



_______ I 
-

~~

- 
_ _ _ _  ~~

- -
~~T~~~

~
-

~
--———---- 

- - _ ___

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- - -

~~~~- 

—

0. LONG BRANCH INSTRUCTIONS

1 . Format:

WORD 1
15 14 13 109 8 7 6  5 4 3 0
0 ~ 

BRANCH 
~~~~~ 0 OP DMA

WORD 2

ADDRESS

2. Instruc tions :

INST. OP CODE FUNCTION TIME( cycles )

BRL 10 Branch Long 2

If BRANCH COND. is satis-
fied (see short branch
instruction), the 12 bitsof ADDRE SS are loa ded into
the Program Counter.

BRS 11 Branch to Subroutine 3

Same as BRI except that the
Program Counter is stored at
the data memory location
specified by DMA (0-178).
Stor ing occurs regardless ofwhether or not a branch occurs .
One instruct-Ion must be corn—pleted after BRS before 1 

-

Interrupt can Occur.

— 

40

r 

- -
t 

p
— - - 

— -— —- —  — - - — — —  ___ -__•_~~~~- -~~~-~~~S_fl ~a-_ -~-
- 
j,~.-t f - -- g — - - - - - -- —• •— ___a a — ~~—_—_ — — _______________________



____________ 

——---
~
- - -—-

~ 
— — —

~~~~~~~-~~~~
-
~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~-

~
-

~
--- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
--,

~ 
-- --

~ —- --- — ---—---- —-- -----— -~——-~~ — _______

- - - - 
- -

I E. MISCELLANEOUS INSTRUCTIONS

I’ INST. FUNCTION TIME(cycles)

- SRI Subroutine Return 2 i f branch occurs
1 if no branch occurs

Format:

15 14 13 109 8 7 6  5 4 3 0

l o l a ~~~CH 
~~~~~~~~~~~~ DMA ]

The contents of the data memory
location specified by DMA are
l oaded into the Program Counter
if the BRANCH COND. is satisfied.

BRI ,BRJ ,BRK Decrement Index and Branch

- -

- Format:

15 14 10 9 8 7 0
[i Ii 1 1 1 1 J ZR ADDRESS 1

- Register I , .1, or K as specified
:- by ZR is decreniented. If the re-

sui t is 178, no branch occurs.The Program Counter is loaded with
ij the address formed by the four high

order bits of the Program Counter
and the eight bits of ADDRESS if the

-

- 

result is not 178. See LDI ,LDJ ,LDK
for ZR code.

41
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INST. FUNCTION TIME(cycles)

LDI ,LDJ ,LDK Load Index Inniiediate 1

Format:

15 14 13 12 11 10 9 8 7 6 5 4 3 0
) 0 ) 0 ) 0  1 0 1 )  ZR ) 0 I O I o ~~~ OPERAND

IR REG. Load the Index Register specified
by ZR from OPERAND. These instruc-

00 None tions are to be followed by an in-
01 I struction which does not require
10 J an indexed address to be generat-
11 K ed or a NOP instruction .

TX! ,TXJ ,TXK Transfer X to Index 1

Format:

15 14 13 1 0 9 8 7 6 5 4 3  0
) 0 ) O J O  0 0 1 1  ZR LOb ~~~~~~~~~~~~~

X03 I, J , or 
~0 3  (as speci fied by ZR)

See note for LDI , LDJ , LDK instructions .

- I TIX ,TJX ,TKX Transfer Index to X 2

Format:

15 14 13 109 8 7 6  5 0
b l o b  1 1  0 1  ZR 1 0 1 0  ~~~~~~~~~~~~~

H I , J, or 1(03 —~~~~~ X0 3  (as specified by ZR)

See hO!, LDJ , LDK for ZR code.

42
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INST. OP CODE FUNCTION TIME(cycles)

INP 011240 Input

Format:

—1 15 14 13 12 11 109 8 7 6 4 3 0
J o J o ~~~~i ~~~~~l b o l 1 b o  1~~~ MPX

— 

INPUT BUS —
~~~~ X015

INPUT FLAG —~~C
- 

- 
fI’X —

~~~ MULTIPLEXER

-

~~~ 
- OUT Output 3

Format:

15 14 13 12 11 1 0 9 8 7 6 5 4 3  0

1 1 0 1 0 1 0 0 1 0
~~~~~~ O t o  O~~~ MPX

- MPX —
~~~~ MULTIPLEXER

1 Con tents of X Register
are placed on Output Bus.r - 

- Strobe is sent during the
-‘ second cycle of the

instruction.

ZEN Interrupt Enable

Format :

15 14 13 12 11 1 0 9 8 7 6 5 4 3  0
1 0 1 0 1 0  0 1 1  

~~~ 0 1 0  ~~~~~~~~~~
One instruction must be
completed after lEN In—

- 
- struction before interrupt

can occur.

43
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INST. FUNCTION T IM E(cycles )

lOS Interrupt Disable

Format:

15 14 13 12 11 1 0 9 8 7 6 5 4 3  0
b o I o 1 o I i 1 o I o ~~~~ 0 10 ~~~~~~~~~

The interrupt is disabled
imediate ly on execution of
lOS instructi on.

HLT Hal t Computer

Format:

15 14 13 12-11 10 9 8 7 6 5 4 3 0

b o b o b o b o t o b o ~~~~~~
o ( O  ~~~~~~~~

Computer executes the next
instruction after the halt
and then stops.

44 
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III. ASSEMBLER

An assembler statement is made up of four fields: the label
field , the operation field , the operand field and the comment field.

-
~~ Not all fields are necessarily used in a given instruction. The

fields are separated by one or more spaces.
A. LABEL FIELD:

The label field always starts in column 1. If a label Is notused , column 1 should be blank . Labels consist of from one to six
ASCII characters other than h1

+
hl
, 

Il _ Il II
~~~

I 
,
~~~ The first character

F must be alphabetic.

B. OPERATION FIELD:

The operation field consists of one of the computer in-
struction mnemonics or a pseudo OP mnemonic. Pseudo OPs are:

EQU - Equi valence
ORG - Sets the Origin
DATA - Generates constants
BS - Ass igns one or more memory

locations for storage.

— 
C. OPERAND FIELD:

The operand field consists of one or more subf ields , separa ted
by commas, which speci fy symbolic addresses , indexing, etc.
D. COMMENT FIELD:

The comment field is last in the line and may contain any
text. An asterisk In col umn 1 makes the entire line a comment.

E. EXPRESSIONS:

Expressions consist of numbers and symbols (from label fields)
which may be added or subtracted.

* = “THIS LOCATION”
20 = 2010 DECIMAL
‘20 = 208 OCTAL

I 

~ “101 BINARY

I-
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D. EXAMPLES OF ASSEMBLER STATEMENTS

LABEL OPERATION ADDRESS ,INDE X COMMENT

Data Memory Reference Instruction

DNEG LOX ABC+2,J LOAD FROM TABLE

X-Register Instruction

QUOT INC INCREM ENT X

No operand field;
comment follows
operation.

Short Branch Instruct-f on*

RPOS BRGE XYZ +2 ,I(

Long Branch Instruction*

LOC5 BRPGE XYZ+2

Generates two words; address
goes into second word.

Subrout ine Call Instruction*

BRSGE XYZ +2 ,1Q
The n umber 10 desi gnates the
data memory l ocation in wh i chthe return address is stored .

_________________________

Subrout ine Return Instruc-tion*~ :~

SRTGE 10
The number 10 designates the
data memory location from whichthe return address -Is taken.

46
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LABEL OPERATION ADDRESS ,INDEX COMMENT

BRI ,BRJ ,BRK Instructions

BRI XYZ+2

Load Index Immedi ate Instruction

LDI 3

TXI ,TXJ ,TXK ,TIX ,TJX ,TKX ,IEN ,IDS,HLT Instructi ons

TXI

No operand field requi red. All after
operation field is considered comments.

INP ,OUT Instructions

INP A/ D

A/D is defined by an equivalence
statement, e.g., A/D EQU 6.

*The last two letters of the BR , BRP, BRS, and SRI instructions
represent the Branch Condi tion (see P. 40) . An uncondi tional
branch will occur if there is no suffix.

5
’
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IV. ADDITIONAL NOTES ON SOFTWARE

— If the index registers are loaded by use of the TXI,TXJ ,
TXK ,LDI ,LDJ , or LDK ins truct ions , the actual l oad ing takes pl ace
during the execution of the next instruction. As a result, if the
instruction immedi ately following one of these six instructions
specifies indexing, the instruction will be indexed by the previous
contents of the Index Register. For example, assume that Index
Reg ister I has 

~8 as its contents prior to encountering the followi ng
instruct ions:

-

~~ LDI 3
STX LOC ,I

This sequence of instructi ons will result in storing the contents of
the X Register in (LOC)V(7) rather than (LOC)V(3). Note that the
result (LOC)V(3) will result if an instructi on is inserted between
the LDI and STX instructions

- 
- Branch instructions are used to alter the contents of the

-: Program Counter. Short branches can be used to branch to locations
within page boundaries of the Control Memory. Each page in the
Control Memory is 256 locations in length . Long branches must be
used for crossing page boundaries .

In using the BRS instruction , the location for storing the
address of the next instruction must be specified as an octal number
from 08 to 158. Normally, locati ons 08 to 158 of the Data Memory
are reserved exclusively- for storing return addresses . Note that
when BRS instructions are nested , each Instruction must specify a
different storage location for the next instruction. Similar
precauti ons must be observed when a subrouti ne is called in an
Interrupt servi ce routine (e.g., an interrupt occurs when the main
program is in a subroutine). ;I~

-
~~

~:~if

- 1
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APPENDIX II
CONTROL MEMORY CONTENTS

The following listing consists of two parts. The first is a
variable table which first lists all the variable names appearing

- 
in Data Memory and their locations. Then, a list of all the variable
names appearing In, the control memory program along with their locations
follows immediately. The second part is an assembly language de-
scription of both Data Memory and Control Memory contents. It will
be noted that the first 1268 locatIons of data memory are designated
by the pseudo mnemonics DAT and EQU. These locations are used for
constants or variables which must be initiated . The values associated
with each are actually contained in the first 1268 locations of
control memory so that they may be restored when MSTR. dR. is 

- 
-

depressed. The rest are designated by either BS or EQIJ. These 
- - -locations contain variables which do not require initialization . This

allows the origin of the program to be placed at location 1278 of
control memory without affecting the program operation when MSTR/CLR
is depressed. 

-
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2 SYM BOl L0C 1~IIO~1 56 IR~Jc1 0060
- 57 IR”o2 0061

‘e ZFR~ 0000 
~a sC~~r~c 0062

b F~~T 0(104 s9 OC~ T~~6 M’17 Oi~Ob 60 CLAQT~ 0064
- - 7 ~‘177 0U0b 61 CLSCMX 01-65

e ~‘177~ 0007 62 CLPC~ X 0066
9 r ’3 OC 1U 63 V CL C?-~ 0067

10 ~‘37 0011 6’I CLTC(’~N 0670
1]. MSLJ ’~F~ 0011 65 AVN UM 0071
12 MPEVSW 0(.3.3. 66 CLAIM 0072
15 ?C~~T~ Y 0011 67 DZCA T?~1~ M’377  0(112 6b T~41P~Cr’ 0C~74+15 MYTE 003.2 69 CLTHf~N 0075
16 r.’~’3~7~ 0015 70 SFCThX 0076

H 17 M’7 0014 71 L0FC~ X 0077
18 ~~77 0015 72 SOPATM 0100
19 M~~~777 00 16 75 SDPVP~ oi.ol
20 ~LPSw 0016 74 RAQchx 0102
21 M~ 7777 0017 75 RLSCMX 0~.3522 k’50 0020 76 RLPC~.X23 M 13 ~~~ 0021 77 V R LCM X 0105
24 + ~~ ‘6~ j 0022 78 RLTCr- ”.’ 011)6

H 2b M ’600 0023 79 SRLTH~ 0107
26 M ,~SG 0023 80 BSA~)R1 0110
27 M ’600r~ 0U24 ej. 6SAO~ 2 0111
28 ‘ ‘ 7 00 r4 00~ 5 P2 JM Pj~r 0122
29 M’16(. 0026 

~5 CRSINC 0113
3u ~2Lv 0I.2~ 84 CR SC~ Y 013.4
31 M’ .360 0027 85 C~ PCrx C1~ 532 C’17 0030 aa CRTc~ ’-’ 03.16
35 C’377~ 0033. P7 CROLY ~)117

- — - - - -
~~~~~ - -C3.7777 . o1i32 - - - ~~ FRDLY 03~ 0
3b C37777 0036 89 HLCLY - 0121 - - -

36 ~‘17 0r’ 90 CLGF 0122
37 D24 0~~~5 91. RL ( c 0123
36 ~“)SpLy 0(136 92 SCGCBP
39 ~SP~ Yi 0~)57 93 RGCB i 03.25
40 ~RSThC 0040 94+ BSADR3 0126
4j . RS Y I ~cT 0 1)4,1 95 S fl-JT wn 03.27
42 £- 16ThC 0(142 96 X$TORF 0130
t& 3 T SYL ~CT i)&. ’~3 97 CST oRF~ 0131
4+4 MFMT 0(144 9b MEM~~ )R 0182
‘~5 MTA~R Ou4+ 5 99 CRACI-( 0156- -  46 MNCTIP 00116 100 LRAO (~ 01.54
‘47 MPAf ~J~~ 0047 101 NCTSLT 03.35
LIP ROR~’G 0050 3.02 NCT ID 0136
49 ~ 3~ - ’~~ H 00~ 1 103 T A OR 0137
50 SOFCW 0052 104+ P~P~Iy o 03.40
51 CSQc~ 1c~ ~PIri 0141
52 S/C M0n OU54 3.06 fr~~I72 01’~55 L JI’~nC~- - 0.I55 107 F~~lT3 03.4 +5
54 RTSP3. 0056 108 tP1r’. n3.1+4+ 

—

5~ ~T$~-~ 0(1b7 109 ~~I~ s
110 M~IT6

50
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111 M’-’1T7 014+7 3.66 SOct..c,
112 M I3ITb 03.50 167 SPS~~’113 ~-!Iy9 0151 168 F~’L~ W fl226
11” M (31rlr :LL’42 169 DCNTi.I
11~ ~‘-9LT 11 03.55 L7u S3Vt 1’~ n1~~7
116 ~PIi12 Q154+ 3.71 ~-C ’ i
117 ~-‘-~Iyj , . 0s~~b 172 Lt~ChTi~ii~3 P I f l i l i t s  03.56 -- 173 CL T c ~i~.,
~19 yr~~IT 03~ 7 3.74 CL)( L~~120 TEMp 0160 175 ~~~~1PF
121 OMA &~ C1~~0 176 L Il~~p 0~~~4H 122 j

~~~~~~~pj  0161 377 CLIr;Li
2.25 PROD 1 3.61 3.78 RCWI .~(Jr,
124+ OM A DP ’~Y 03.61. 179 CLFLG Oc.~7
125 T~ MP2 03.62 180 RCV F~J o~~140
126 ~~~~ 0162 181 £~!RrV
127 O~ N 03.62 182 P~ u~128 T~ MP~ 185 L~°1 LV , 024 +2
129 MPLR fl163 184+ ~ PM LI~, 024-3
130 \lUM -1.L63 j~~~~ SFCy
131 OLAM pq 0164 3.86 LUFC
132 LA 1 .~PS 01~~6 a.~~’ ~

-j i
~~~135 TE~MP 4+ Oa.67 ~~5 CC5~j~,

13~ STGt ~i 03.67 i~~ CCO IF
135 SWFLGS 0170 193 CLC (~~P
3.56 TEMp5 ~.L73 191. HLC ()’~R ,i~~5i
137 0SWT C~4 0174 192 CLPC 0~ 52
138 S~ ITCP-. 0176 1’~5 CLFsC~ fj~ 52
139 iTEpip 02.77 19~ RLPr 0655
3.’4t) OSPAO~ 0177 19~ ~LF SC~. 0~~.5
1’+t ~‘)~ c~~r fl~ (’0 196 CLSC 0~ 54
142 0~ O1 197 SRChCT 0254 - - —

-- — -- 3.443 R~L~T - - - (-
~

(
~2 i~~~ ‘L~.c-— 

3.4-4 TCI~TR 0203 199 sccsu~ 0256
145 ISLoT i’~~(5,~4 - 2~ 0 kSU~ 1~~~73.446 V W Dt, 0I~~ 203. C’~SC 0~ 57

L 147 ~C~~ i 0206 202 SCC1,~~
148 E~t.~OuC 0~u7 203 R”I-r 03.63.
3.49 -~A a G ~.1 021&, 

~~~ ~L J - ,uT
15i) R~’al~G12 3~ 11 205 CLSCIIT 0262

- - 1~ 1 CTLwTF (212 
~~o s~c~152 CTL W CT 023.2 207 RLS ChT ~~65

355 RCVRPT )~~15 208 I-~AQc
- 

I - 1544 SP CVCW 0~ 3.’4 209 RLAQf 0265
155 SCI’,T 023.5 21U 1XCL~ F

- - 4 - 156 R~YT~1 0215 211 T*RpT 0~67157 SRSLOr 0216 212 ST XCW o~ 70
i5b R~ VT~ 0~ 16 2~ 3 T~ E- , 0271
1.59 LK~ rJeL 0217 214- E~’Ty u.~71
160 CPENBI 0220 215 RLTR,~ 0272
161 O V R IN C  0221 21~ I4LFLG
162 S~ Pr~T~ fl~ 21 217 T)’Ac~ r
165 CLP~iTP 0222 218 iPT~~.~3,64 + Rg G~~yf5 0223 219 CLTC 027~165 C/SUMO 0224+ 220 RLTC 0, 77

-: 51
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221 CRTC 0277 276 Ir~d TID 0575
222 VCLC 0600 277 TSINTp 04-05
225 VRLC 0301 278 RSDJTR 04-05
22~ C~PC 0501 279 LKtt~TR 0407
225 TXLWc T 0302 28” CPI~ TP 04-12
226 TX L~ PI 0503 261 INTRIN 0~~14-
227 ArL,ç~ r) 03~ 1+ 282 LI~I~’T 04-20
228 R T ’D~CT 0506 285 LPU~~T0 04-37
229 LSAOk C510 254 LKIN T1 04+47
230 ~J~ PSGfs! 051.3 285 LI’IIIT? 04-66
233. ~~~~~~ 0514 286 LKIF:3. 0506
232 P~CT~ 1P 0514 287 CPINT 0?~13233 t%.C T~J2 P 0317 288 A/O INP 0516
23’e LRLK~c 0520 289 CPINTI 0541
235 LCLKW~ 0324 290 CPINT2 0550
236 ORLK~~ 0330 291 CPINT3 0560
237 OCLK~~ 63311 292 CPIMT4 0563
238 PADPI 054-0 295 CRSC0R 0~71239 WA DRI 0542 2944 CPZ ~4T !c OeC3.
240 CAD PT 054- 4 295 CPINT6 0606
2~+1 CP,”TK 03446 296 I”iPcS Ob3.4
242 TLK~ D~ 0550 297 INPCO 06~ 2
245 TL I<w C2 0552 296 INPCSO 00~ 0
2444+ NXT~~ c 0554 299 CPINT7 0656
245 ASP”T 0556 300 IMPRS Oe’s 2
2’46 MiX 0560 301 I1~PRD 

0644
24-7 MRCV 0562 302 CPI( 0651
2”b TXTAL 0564 SoS RSIi~1 0655
24-9 RCVT8L 0366 304 LPLMP o~ 77
250 TXC W 0570 305 DZVL MP o 7o 7
231 RCVC~ 0572 306 S~ TCH 0714-

- . 152 DLYC fl57~~~~  SOY OSPLYt 0725

~55 RLC OR~ 0575 3~ $ DSPLY2~~~~~~~7~36  
--

254+ ~NC~ jjP 0376 3D9 DSPLY3 07112
255 LY~ CCT 03.27 310 OSPLY4 0752
256 Tt RMLW 03.56 311 RSYNC? 0762
~51 LAS r b T ? 0344 7 312 CLCTj n777
258 (

~‘~sG? 0155 316 CLCT2 1(.i50
259 I.j Sr 0162 33,4. CLCTS 101+7
260 T(Rp’(y 0374 315 CLC T4 1064
261 ENCA LL 0176 3j 6 RLCT i 3. 066
262 ASSI6~4 0221 317 RLCT2 1101

- 1 265 TTY 0227 318 RLCT3 110k
264 TTYSRL 0257 3i9 RLCT4 11.16
265 TIYLBL 024-7 320 RLCT5 1.3.32
266 VOC 0251 321 RLCT6 3.141 -

- - -

261 SVSBL O~ b1 522 RLCT7 1147
268 SVLP L 0265 523 RLC~~ 1153 ~

- --

269 AS~ C3P~ 02e~. 324- RLCT9 1157 -‘
~

270 F~Voc 04 77 325 RSLTc ~ 1170
271 FOSBLR US�6 326 R0R1~G 1206
272 FOLPLP 0532 327 OPTST 1216 

~~~- 

- 
275 Ft~SnLT 051+4+ 328 RSL TC2 1231
274+ F!)LBLI 0350 329 RSL TO ’ 3.235
275 FOR~’CW 0554 330 RSLTO’ 1214 0
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531 RSL.T05 1245 386 CLPAU~ 2214
332 RCVD~ 3.251 581 CL~ €R 1 2225
335 LKRNG 1262 388 CLTST 1 2~ ’ê2
554+ TST RP 1501 589 CL T~ T~ 22~ 1
335 RPCO,~T 13gb 390 CLTST3 2674 -
336 NCTTST 1313 391 CLTS U 2~ 77
537 RSL T~J 1323 392 CLS RC~ 2512
338 •‘ ICT3. 1535 393 CLA 6T 2317
339 NCT2 1542 3914 SIRLiLY 2532
34- v NCT3 15144 395 PFQSCI.4 2335
314 3 RSIE1 1350 396 CL EX IT 254+5
54-2 RSIE2 1651 391 MULT 254+5
3445 RSI~ 3 1552 396 CORR 2360
31444 ~SIE4 3354 399 TC/Sp~ 2565
395 STZBS 1561 ‘#00 CO RRO 2674
544 6 INITTY 1372 1101 CORR1 24-~ 1
347 TX OVH n 1~ 3.5 4 -02 C r R ,~2 24-22

H 3118 CLi(TST 114214 4-03 CO~~Ey 2932
30- 9 TST CKF 14-27 40” RLR ø~j T 24+35
35(1 TXC Lr ~ 1’+53 ‘405 RLP~.S1 2~ 65
352. SCHREO 1447Q 4-O(~ KL V€ K ~ 2972
352 TSI NT 1’47’4 4 - 0 7 RLTST 1 25u5
355 T X C~ ? 1521 4~fl8 R L T ~ T~ 2513
354 TSTCL 1526 ‘+o9 RLSCh 2527
355 TSTRL 3.550 ‘410 F~LSc~.1 2562
556 FNRNG t b’4 0 113.1 RLA BT 2567
357 CRSRNG 1550 ‘412 RL~ X IT 2575
358 TSXNT1 1557 14~ 3 IMITR L 2577
359 TSINT2 1D74- ‘1j4. KL1fl~ 2623
360 TSL T O 1 1600 ‘13.5 RIIN2 2644
361 TSLTO2 160’4 41€ RLI~43

---- TS1~ T3 1b06 4-17 RLIN4 2666
365 TLN KO - 1615 4 3.8- R1..It~55- ~ b73
564 TLNK1 1.627 ‘419 RLD6 2710

- 

- 
- 365 TLN K2 3.65Q 420 RL IN7 2719-

366 TLNj( 3 1b57 ‘4 21. R L I t ~’$ 273.7
3€7 TLN<4 1663 ‘122 RLI h~~Y 2722
368 TSLT LI 3667 ‘+25 INIT 272’ : -

569 TS Lr1 2 1706 424 L~ F 27’+~s370 TSL T13 1115 44 25 P4RF 2761
373. ISLID i117 426 I’ 11T3. 2775

4 372 TS IEQ 3.736 ‘421 CLHBS 303.6
375 TSI~i. 1740 ‘+2b RUPJ .31)34
374 ECIN1 1750 929 INITCL 3036
375 CCINTn 1760 ‘#3 0 CLRRTN 3051

‘ 376 ECINTI 1765 1431 RL R P1IJ 5054-
577 S6ARCI4 1773. 1132 LP~RRT P~ 3457
578 CLROUT 203.0 435 S44 ROLj 1 3065

t 379 DOLPO 2033 434+ SW CONT 3140
38u OOLPJ. 2044 5 41.35 CLRL (~ 33.57
381 OBLP2 2062 ‘156 TSTBr~P 3175
382 CL~R0Ut 20 71 ‘#37 LCICALL 32u6
383 CLROU2 2107 1438 LCLCNT 323.3
3844 CLCOR1 2156 ‘459 Rf~.aSG 3260
385 CLCOR2 2200 ‘490 LCLASC- 3450
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— ‘4q41. NOTICe 3255
‘#442 RELCOP~ 

3~ 67
*4 143 CLRREL 3276
44 1aM RC~.A SG 5500

‘e4+5 PEG .S1. 3324
444.6 R~~ LP-~ 

3427
9447 S~IEX1T 3553.
4 *4.8 TST2/ !  3532
‘4 q.9 72/SEX 3~ 65
4,50 RSAt~ 

3o71
4~53. L~(ROUT 

34-044
4+52 L 1 JK0 3*16
£~53 L T N ~ 1 34+70
8454 L1~sK~ 

34476

— 4455 L INV.~ 3505
44 56 LPIc ’4

~57 Li~4~ b
q.5& L!N~’b
8~59 LINK~~Y 3514 5

~6C V CA LLI
£4.61 VC~ LL1 3557
‘462 VC A LL ?
‘465 VCAL L3 3577

‘+644 ~JCA LL4 3b’4 2
£#65 V CA L LS 3696

*46 6 ~CALL f ~ 
36~ 7

‘467 V CALL 7 3662 

~~~ --- --VC~~~~ 
~69 NCTLP~Y 37 t 2  — ---- — -

~~~

4- 70 ~I~-TL~ 1 
3726 ~~~~~~

-- - - -

~~~~

---- -- - -----
~~~~~~~~~~

-

4471 V4 CT L~ 2 37~2
- - 4472 i~CTLH~5 3760

4473 !ICTLP( *& 3173.
447*4 L~1(Lx IT ~ 174.

44 75
f
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LOCATION CONTENTS SYM BOL OPERATIO N ADDRESS rOM ~ EN T S
*4 76
‘177 *T~ MA MODEM C0r~JT PQLLER PRO 6RAl, V FRS IQN ONE
478 00000 17~1OU’4 ZERO TOM FMT
479 00001 046313 F~P1~ IFiT IC
4-eu 00062 0521Uo RRP ~I i  I N IT
451 00~ 72’e
~4 S 2~ 000 04 + 00000 3.  FMT DA T 1
1483 00005 f l 03017 M ,3 . 7  DAT ‘17
‘#814 00006 000177 M’177 DA T ‘177

:- ‘485 00007 001777 M.i777 DAT .1777
1486 0003,0 000005 ~1~ 5 DAT 3
487 00011 1)03057 ‘‘37 OAT ‘37
‘.88 00011 MSIJBFR EQu ri ’s?
489 00313. M~~ VSir~ EQU M’37
‘490 000 11 PCNT MX - EQ U F’1’37
‘491 00012 000377 ~,.277 OAT ‘577

000 12 ‘IBYTL EQU 1~’377
‘495 00013 005777 M’37?7 DAT ‘5777
‘+94 000 144 00000 7 ~ ‘7 C A y  7
‘49~ 00015 000077 M’77 DAT ‘77

- - — --  -

-

iH -
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______  - -

‘+96 00016 000777 M’777 OA T - ‘777
1~97 U30J. 6 MLPSW LOll Pi’777
£498 0003.7 007777 M’7777 OAT ‘7777
‘499 00020 0000~~ M’3o DAT
50(1 000 21 000360 r’soo DAy ‘500
501 00322 006063 M’~ o DAT
502 0~023 000600 M’600 DAy ‘600

0 u023 MASG LOU M’600
5~ ’4 0002 44 06604 1) r~’A oOo DAy .6O0C ~505 00025 0070u0 M’ 7000 DAT ‘7 00 ( 1
50~ 00326 0003.60 M’ 160 DAy ‘160
501 00026 MDLV LOU r’~’i6o
508 00027 000360 M.360 (A T  ‘566
509 00030 177760 C’ 17 DAT ‘177760
510 00031 174-000 C’3777 DAy •lT400n
511 00052 16000c - Ci’777 OAT •160u0~512 00033 14-0000 C37777 DAT ‘l’lOCUn
514 ~00344 001700 M’1700 D~ T ‘1703
51’4 00(135 O U O O S O  02” DAT 2~515 ooo~ € ~77777 MDSPLY DAT ‘~ 77777
516 00037 00001)0 OSPLYT DA~ 0
517 0 0 0 44 0  3.77777 MRSY rJ C DAT - - ‘~~77777

- I 518 000441 000000 RSYNCT OA T - 

. 0
~19 000 ’ a? 177777 MTSY NC OAT ‘ 1.77777
520 000’#3 00001)0 TSVNCT DAT U
521 0004444 0067~7 MFMT DAT ‘777
522 0004 - 5 617640 MTAOR cAT ‘3.7600
525 000 44 6 0(10177 MPJ CTIO DAT ‘177
5244 000~7 017777 d~1RAN6E OA r ‘~~7777
525 00050 o3.1o 77 RORNb OA T ‘11077
526 00051 001107 PORNb ~4 DAT ‘13C7
527 00052 000042 SctFCw DAT 2
52(1 (

~!)035 o11o~Jn CSOCW OAT ‘llOuO
529 000s ~ 060000 $/~ MO 3 VAT ‘30000
53(1 00055 o0~21o LNKOCW DAT ‘210
531 ooos~ oDo5uo RTSO1 DAT ‘500
5~~ acos i 00054 +0 RTSD2 DAT ‘546
535 OOC E. 0 0000 00 IR~I61 DAT 0
534 )~1361 000000 IRNG2 DAT 0
535 00062 000060 SCUINC DAT
556 000GS 000222 OCMTMX DAT 3.4.6
537 00064 000300 CLAQTI4 DAT ‘500 — -

538 00065- 000-OlD CLSCMX DAT 8
k 539 00066 000020 CLPCMX DAT 16

~ J 540 00067 000004- VCLCPIX OAT
541 00370 000002 CLTCMN OAT 2
5142 00071 0000081 AVNU M DAy ‘4
545 60072 1~~0000 CLAT M OAT ‘14000~584 * u 0075 01430 (10 (1ECAY M DAT ‘44 0 0 ( 0
54-5 0~~074 110000 TH!NCM DAT ‘ 130006

- 
I 514 b ~1~075 OQrl6u(~ CLTI.4MN DAy ‘bOO

5*4 7 00076 000010 SFCTP~
( DAT B

51i8 00077 0I)OflL~1a LOC L~” Y £4

5149 001~~3 OSOCI ur, SDPAT M OAT ‘300(10
550 O01~ 3. 02”00~ SC.DVT&, - L1AT ‘ 2440 ( 10
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551 00102 0000(12 RAOC MX DAT 2
55~ 00103 000074 RLSCMX DAT
555 00104 000 0 44 -  RLPCMY DAT 4
55’4 Ofl i o S 0000 (14+ V RI CM X OAT
555 00106 000042 RLTCMN OA T 2
556 00107 u230u0 SRlTh~s DAT ‘200og
557 0013.0 0O0 16~ BSAD R 1 OAT ‘162
558 003.11 083 02 3.7 B5A O K 2 DAy ‘217
559 QO1~~ nu3 7’#0 JMPINC OAT 2018
560 0I~1l3 1U22 ti 0 CRSINC (

~A T ‘3.02200
561 0013,14 000640 CRSC MX OAT ~84
562 00115 000007 CRPCMX DAT 7
565 00116 000005 CRTCMR! DAT 5 —

56’I uOJ1 7 01161n CP!~LY DAT 5000
565 003.20 0027514 FROLY DAy 1500
566 00121 005670 RLOLY DA T 3000
567 003.22 ~0005u CLGF DAy 214
568 00125 000050 PL~ F OAT 2+
569 00 3. 244 002000 SC~ CPP OAT ‘2000
570 00125 00014t 0 RGCBP DAT
571 00126 0002544 8SAO l~3 VAT ‘25’1-
572 003.27 000130 SINT~-O OS 1
575 00130 000131 XST0l~E OS 1
574 00 131 000152 CSrORE RS 1
575 00132 000153 MEMAD R PS 1.
576 00133 000154 Cç~A OR BS I
577 00134 000135 L RAO R OS 3
578 00135 000156 NCTSLT PS 1
579 00136 000137 NCTIL) PS 1
580 00137 00014-0 TAOR PS 1
581 OOl q O 000114 1. MOT TO PS 1
5~2 001441 u001~ 2 MOTT 1 PS 3.
5~

3 00 1~ 2 0001143 r401T2 PS 1
584- 0011.3 0001144 MOl T S OS 1
585 OOl ls a+ 000145 MBT T ’# BS 3.
588 0~)1445 ~u01’46 “ IOT IS PS 1
587 001446 000141 MpTT6 PS 1 

—58b 00 3.4 +7 ~0~~1bO MPTT7 OS __— 1
589 00150 000151 MBj T~ — — -BS 1
590 00351 - -- - 000132 M8TT9 Ps 1

- - 
-- - 591 00152 000153 Mp!T1o PS 1

592 003.55 0001~ 4e M131T11 PS 1
595 00154+ ~oo155 MPiT12 os 1
5944 00155 ~u~~1b6 ~c pv T 13 PS 3.

— s95 O01~~6 ~OA t ~ 7 MOTTIII OS 3
596 00157 000160 MPTT 1S OS 1

~ •1 591 00160 000160 TEMP 1
598 00160 DMADR LOU TEMP
599 00161 000161 TEI’PL OS 3.

- 

- 600 003.63. PROD LOU TEMPI
601 U0161 DMAO MK LOU TEMPI
602 00162 000102 TLMP2 PS 1
635 00162 MCND LOU TLP’P2
604+ 00162 DEN LOU TLMP2

• . 605 00163 000163 TEMP5 PS 3
57
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606 00163 MPLR LOU TEMPS
607 00183 NL’M LOU TEMP~608 0t ~l~ L. ~0fl 166 OLA MPS PS 4
609 00166 LAYPS LOU
610 00107 TE~’P~ ECU DLA f ~PS +3
611 003,67 SION ECU TEMP”
612 00170 0t~U173 SWrLGS PS ‘I

613 00173 TE’~P5 - S~ FLGS+~614 00174 000176 6,SWTCH OS
00116 S~!ITCH LOU Cj SWTCH 4 . 2

616 00 117 ITEMI’ LOU USWTC H+3
617 60377 OSPAOR Lou ITE~P618 00200 0002 (13 HORC~ T BS 3.
619 00201 000202 RC~iT H PS 1
62u 60202 O002~i5 RSLOT PS 3.
621 00203 000204 TC~j T R PS 3.
622 0 020 4 + 000205 TS LOT OS I
623 00205 000206 LCWDO OS 1
62’# CO2i~6 O0oE~7 EC~D3. BS 3.
625 Ofl2~~7 o00210 ECWCOF RS 1
~26 00210 ~0021i RA ~ GE3. OS 3.
627 00211 000212 RArs, GL2 PS 1
o2~ Lj02~ -2 00’~212 CTLWT~ 8S 3,
629 00212 CTLWC T LOU CTLI~TF
630 60213 ocoal’. RCVRPT BS 1
631 00214 000215 SRCVCW 85 3-
632 00215 00023.5 SCNT OS I
635 00215 PBy1 E3 E~ U SCNT ---------

~~~~~~ 
- -

ó34+ 00216 000216 SRSLOT PS 3 
635 00216 ROYTE LQU SRSLUT
636 00217 000220 L~~-4-8L~~~~~8S 1
637 00220 00-022k CPENBL OS 3.
635 - - 0G221 00 0221 OV RTh C PS ~~.

-~~~~~ 
— --~ - -- - 639 00221 S~ PM TR ECU OV RIN C

-- - - — —
~~~~~~~~ 

- 

640 00222 O0022~i CLprllq RS 1
641 00225 003 224 RN~ TY P PS 3.

¶ 64-2 00224 000225 C/~ UP~3 P~ 3. -

6443 2~ 5 000226 SO~ L6 BS
6414 00226 000226 SPSU~ OS 1
64+5 03226 FNL !~T N LOU
646 00227 000227 DCp.’TR OS 1
647 0)227 P.BvT NO EQU PCp~TP
6148 00230 000240 PCNT ES 3
6149 00230 LW C,JTR EOIJ PCNT - -~

650 00231 000252 CLTRK BS I
651 00232 0002~3 CL~(LPF OS 3.
652 002~ 3 0002 544 RNGLPF PS 3. [
655 002~ 4 0002.3 5 ~4~p(F PS 1
65~+ 00235 000256 CL INIT ES i -:

655 00236 000257 RCWMOO Os i
6!~4 o n2~ 7 C00 2~ 0 CLFL G 4~S I
657 0024 0 0 u 024 +0 RC~’EN PS 1
t56 0024.0 EZNRCV IO u KCVEI’
b59 00241 Qo0 2 ’ .~ RO~ NbF es 3,
66(1 0U ?14 2 0002”3 OPFL6 OS 3.
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661 002 143 0002 1414 FRMLK Os 3,
662 00244 0002 144 SFeT Ps 3,
663 00244 + LOFC LOU SFCT
664 00245 000246 NUMAV OS 1
oo5 0C24 A 000247 CCSUM E3S 3,
666 00247 000250 CCDIF 3.
o67 ~C25~ 001253. CLCOR R RS 3.
668 00251 000252 NLCOK~ PS 1.
669 00252 000252 Cl-PC PS i.
670 O025~ CLFSCI-4 LOU Cl-PC
671 00253 OO02~ 3 ~LPC ~S 1.
672 00253 RLFSCH ECU RLPC
673 00254 000254 CISC BS I
6714 0025’i. SRC~ CT ECU Cl-SC
675 00255 000256 RISC P5 1
676 00256 000257 SCCSUM PS 1.
677 00257 000237 R5IIM ES 1
676 00257 CR~ C LOU RSUP~
679 00260 000261 SCCO1F PS 1 ——

680 00261 000261 RDTF BI - —— 1
681 0026k Rki-n11T~~~ LOU RDIF
682 Ofl~Z62-— 00262 CLSCHI PS 1

--- -- - -- 683  00262 SRrH LOU Cl-SC~4I
6814 00263 0002614 RLSCI’ I OS 1.

— —- - — I 685 00264 000265 RA QC OS 1
688 00265 00C266 RLA QF - 

~~BS 3,
687 00266 000267 TXCLKF PS 1.
688 00267 000 270 rx pp ’ ES 3
689 00270 ~00271 STXC-w es 3
69(1 00271 000271 TXEN PS 1
~91 00271 - ErJTX LOU TX EN
692 00272 o00 273 RLTRK BS 1
695 00273 o0 02 7” RLFLG FS 3.
~94 00274 000275 TX A C Q F OS - 3.
695 00275 0602 76 RPTX LO PS 1
696 00276 0002 77 CLTC OS
697 00277 0o n277 RLTC ~ S 1
698 00277 CRTC ECU RLTC
699 0~ 3~ 0 0033(11 VCLC OS 1
700 00301 000301 VRLC PS 1

• - 

701 0034+1 CRPC LOU VRL,C
702 00302 000303 TX LWC T PS 1

•1 705 00303 0003(14 TX LWP T OS i.
704 003014 000306 AKL I~~D PS 2
705 00506 000310 RTc ’NCT ES 2
706 U03I, 0 000313 LSA OR PS 14
707 00315 JPIPSGN LOU LSA DR+;
706 0033,14 00033.14 NRLKWO PS 4
709 0033.4 NCTW1~ LOU 1~RL Kh0
710 0031~ NCTW 2 R ECU t~sRL PIWLa +~713. 00320 0003214 L RLK b O OS 8
712 003~14 LCLKWO ECU LRLKWO+q.

-~~ 713 00330 0003514 ORLI WO PS S
71~ 003514 OCLKbO LOU OKLKWD+II
715 003 140 0033~ 2 RA” ~RT 0$ 6
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73,6 00342 WA flRT ECU 9ADR’~+2
7j 7  00344 CA!SRT ECU OAORT+4
71~ 00346 000350 Cpt~TR PS 2
73.9 oo~so ooo3s~ TLKWOI. PS
72(1 n03~~ 0C .~5t4 TLI(WC 2 OS 2
723. 00354 000556 IJXTA SG OS 2
722 0035b 006360 A~~~T 2
725 00360 000362 MTX ES
72’. U~’3~2 0011364+ td RC V PS 2
72D 0336’. 000 .3b6 TXTBL. BS
726 0’.iSGó 30 0370 RCVTBL P-S 2
727 00370 000372 TXCW OS 2 -

728 00372 0003 74 RCUCW S _- --—-—— 2  - -

729 0fl 374+ 000375 Q~y-C-— 8$
730 G0-375 0D37o RICOK1 PS 3,

~

- -  731. 00376 000377 LNCO HR OS
732 000127 ORG 87
735 *SUBROUTINES $T~RT HERE
7314 WOK~ TX COUNT SU8ROUT1i,~C7’S 0’~1~7 0U’+010 LKWOCT OUT ‘3.0 uS! UNL’r IN
736 L,-~1~,u j 0~ 3U2 LOX TXLWC T INTERRUP T
737 00133. o177~ 7 OEC flout jNC UNLESS
73b 00132 0b2154 ORGE *+2 t~-~TERRUPTS 

ARE

739 00133 1061141 LOX t~àIT1 
OISABL .LU

740 003,34 132302 STY TXLWC1’
741, 00135 032041 SRi a
7142 *TCRM IIjA TL LINK SUbROUT INE
7145 00136 ~0651’& TL R~ LK LOX DSWTCP ,7
7414 00137 162155 1ST MOITiS
74-5 003.40 076165 PR’SJE CNLA SG+3
74-6 033.41 i62i56 1ST M81114
747 00142 016042 SPTCQ 2
7148 00143 120156 XO p: MBIT14- -

7149 00144 3,325714 SIX OSW TCH ,i
750 001~~5 164770 SI! TX cW , I
751 00146 3-6~&772 STZ ~CVC~~,!
752 001s~7 ~62n23 LAS~ T? 1ST P!A$G
7~3 00150 0761a2 ~~~~ EN L~ SG
7514 60151 106564 LOY DLAMPS ,I
755 0 1152 114011 “‘37
756 00153 13.6020 OR
757 00154 072173 OR TERMLX .. 1:1 758 00155 132756 ENA SG? STY
759 o’i1s~ j(14143 - LOC Mb ITS
760 00157 ~3U5b4 AND OLAMPS ,I
761 60160 17n74o TOM BADRT,1
762 00161 076174 BRNE TERMEX
763 00162 10675€, ENLA SG LOX A SM IsI
76~ 00163 ~621143 BPS ASSIGN,3
165 v00221
766 O” 165 10~ 155 LOC M~ IT13
7~ 7 00366 i~ ”57i. ANf1 D~ W T CH ,I
76b 0’167 3,52574 Six OSWT CH ,I
7 6 9  30170 106564 LOx CLAP’PS ,T
770 00171 1140114 A Nr~
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771 00172 116022 OR M’60
772 00173 164740 STZ BAORT .T
773 0017’. 152564 TLPME ’X STx DLAMPS-,1
774+ 003,75 042O4j~ SRI - 

775 *SU8ROUTtNL FOR rNA HLLN G AN x~~CO~’INb CA LL
776 0,1176 _ 1-327~~ L~’CALL SIX BADPT ,I

_ 777 -00177 ].161~3 OR M8113
776 002~0 t327u~ SIX A~ LKW D ,T

— --- 779 00401 104-1145 b c  M13ITS
780 002Q2 1~ 0157 XOR MPTT1 ,5
781 00203 114514 AND OSWTC$1,I
782 00204- 13,63.56 OP r~BIT14
785 002o5 1325714 STY (~SW TCH ,I
78’4 00206 1U61’+0 LOX MitTu
785 0020? 1161~ 5 OR MOl T S
786 002~ 0 114564 AND OLAMPS .[
787 00211 j32 5614 Six DLAt 4PS ,I
158 00212 106754 LOX ~JXTA S~,L
789 0023.3 162154 1ST MPIT12
79(1 C02 1’. 056221 ORLO
791 00215 106564+ LOX OLAMPS,!
792 00216 3.1614-5 OR P~BITb795 0023.7 132564 SIx ULA MP S ,I
7914 00~~~0 106734 LOX ~XTASb ,~
795 *SUPROUTINE FOR c’I~)MPL1NG ASSI&f’W~~~T
796 00221 017757 ASSI6~’I RS R
797 00222 132160 Six TEMP
798 00223 ‘ 3.66161 STO TLMP1

• 799 00224- 1643.62 STi T~ MP2
800 03225 362132 TSr (-81720
801 00226 056253, PR EC VU C
802 00227 1,7000* ITY TOM FM T
803 00230 062253 ARGE *43
804 00231 106007 LOX M’1777
805 u9232 O722t~6 ASr,CUN
606 00233 0177~7 PS R
807 00234 3.32160 SIX TEMP
808 00235 162155 1ST MBIT13
809 00236 0562147 PRLQ TTYLBL
81(1 00237 106150 TTySBL LOx M6ITt,
811 O0a4~ j323.b4 Six
812 00241 3.06005 LOX M ’ll

V 813 002142 070244 BRNC *42
614+ 00243 106027 LOX M ’360
81.5 002144 1323.61 Six TEMP1
816 00245 106016 LOx h’?7l
817 002146 072266 PR ASGCUN
ella 00247 106006 TTYLPL LOX M ’ 3 7 7
819 00250 072286 BR ASGC’)N
820 00251 162153 VOC 1ST M 6TT11
821 00252 076277 OR NE FDVOC
822 00253 1700u14 TOM FM T
823 00254 042263 PRLT SVSEL42
824+ 00255 017737 ~S R
825 00256 132160 

- - 
s ix TEMP
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826 00257 162155 1ST M 8IT13
o27 03260 1)56265 BREQ SVLBL
828 00261 1061~C SVSOL LOX
829 00262 3.52162 SIX TEMP2

- • 630 00263 106013. LOX M ’37
831 00264- 072266 PR ASI;COrJ
832 00265 306020 SVLBL LOX
533 0O2ee~ 1.~27~ ü A sGCO~, Six ~TX ,I834 00267 132762 STY hKCV .I

Li 835 00270 114-16~ AND TEMP
836 00271 1327614 SIX TXTBL ,7
837 01272 132766 SIX RCVT~L ,T
838 00273 3.96162 LOX TEMP2
839 00274 j163,~7 OR h01T15
84-0 00275 152163 STX TEM %P3
841 06276 072354 BR FOR MC W
84-2 00277 j3.4~~~7 FDVOC AND M’1777
845 003

~ o 116155 CR M8IT3.S
84-4 0~ 3ni 1521e3 Six TEMP3
845 (‘C~3~ 2 132167 SIX
8146 00303 0130014 LDJ 4-

F$1 647 G03~ 4 017737 RS P
848 00305 177304- ~-~Jt~49 03306 116136 OR rBITi,4
850 003Q7 152176 SIX
851 0~3~,0 1(16574- LOX DSWTCH ,T
852 OO3ji 162i56 1ST ~8ITi4
85-5 0033.2 056317 BRCQ *+5
65~ 00313 106173 LOX TEM P 5
855 flO3j14 132167 STY TEMPt
856 0033.5 166165 LOX TEMP5
857 00316 332173 Six
858 003i7 1 4-165 TEMP3
859 00320 170004- TOM FM T
860 00321 0142350 ORLT FOSBLR42
661 60322 106167 

• 

LO X TEMP4
862 00323 114-032 AND C17777

-
• â63 005~4 162160 1ST TE~’Pó64 o~ 3~5 o5635� I3REQ FOLBL R

865 03326 106150 F (ISBLR LOX Mal Ts
866 00327 152162 STY TEMP2
867 00330 106011 LOx M’37
866 00331, 072333 PR

- ,•~ 869 00332 106020 FDL BLR LOX M ’30
870 00333 152762 Six MR CV ,I
871 0053 14 114-167 ANO TEMP’.
872 00335 132766 SIX RCVT SL ,t
873 60336 3.70004 TOM FlIT• 
874 00337 042346 PRLT FOSOLT+2
675 U03O0 106173 LOX TEMPS
876 C~

1, L~1 13.’ê0~ 2 ANfl Ci????
877 00342 3,6216o 1ST TEMP
876 00343 05635C BP~Q FULPLI

- 

-~ 
67’~ b03~ 4 lUt,150 FOSOLT LOX M OlTS
B5U 0054-5 132163 Six TEMP5
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881 00346 106011 LOX M’37
882 00347 j7235i BR *42
*85 00350 106020 FDLBLT LOX M’30
884+ 00351 132760 SIX
885 00352 114175 ANO TEMP5

— 686 flQ 3~3 332764 SIX TXTBL ,!
- 

- 
887 00354 0114400 FORMC W TIX R
688’ 00-355 01174+i) IMC H
889 00356 116143 OR MBII5
890 00557 152167 STX TEMP~.691 00560 0130u3 LDJ 3
892- 00361 017677 LS P
895 03562 177361 pRj
894 00363 116167 OR TEMP4

- 
I 895 00564- 114161 AN D TEMP1

696 00365 116162 OR TEMP~897 O03~~ 152772 SIX RCVCW *I
898 00367 12C162 XOR TEMP2
899 00370 116163 OR TEMPS
900 00371 132770 Sly IxCw,I
901 00372 0~ 2O4 -3 SRi 3
902 *ST4RT OF INT(PPt’PT POUT I~~ S
905 *I(4TERRUPT IOENITFLC ATIOF1 R0kjTI!~F• 904+ 00373 132150 INTID SIX XSTORE

-

. 
905 00374- (113757 RSC R
906 00375 132161 SIX CSTO~E
907 00376 011257 IMP ‘17
908 03377 11~ Oi 1 AND
909 00400 037757 PS R
91.u OU14ci 010100 ~RPC (I) Iq INT
911 o014-74
912 00403 017757 TSINIR RS R
915 004-04- 050255 BRC RSINT
9114 00405 c17757 RSTNTR HS
915 004~6 050020 BRC La (INT
916 - OC4-07 017757 LKTNTR RS q
917 0043,0 05013.3 PRC CPIM T
918 004-11 o177~7 r~s
919 00412 010100 CP !NTR BRPC (I) ECINT
920 001750
923. 004- 14 iøüi5i  INTRTN LOt. CSTOI-E
922 001415 106130 LOX XSTO~~
925 00416 006000 lEN A
924- 004-17 032040 SRI C
925 sLINK IPITERRU PT ROU TINE
~26 00420 152127 LKYNT SIX SIN TWO
927 00421 170217 TOM LKEN t~L
928 0~ 1422 056106 BRE:Q LKIE1
929 00423 03.34-07 LOK 7
930 001424 011250 TNP ‘10
931 00425 13.4012 AN D MbyTE
932 0~,4-26 132216 SIX
933 00427 106227 LOX ROYTNO
934 00430 01174+0 INC R
935 004-31 152227 Six p8yTr~O
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936 004-32 160140 CMp ~8xT(,
937 004-35 076037 ORNE LKINTO
938 30454- 106216 LOX RBYTE
939 004-~ 5 152215 STX RbYT~ 1
9140 00436 0723.ue BR LK ICL
94-- i c~~ 37 16r~14-1 LKT NT O CMP
942 004140 356 04+ 7 LIUNT1
9~4 0044 1 106215 LOX
94-4- 0-34-4k p17677 LS R
945 0044 3  1774-4-2 BRK
94~~ U0I~144- 3.16216 OR R6YTE
94- 7 00 1445 132317 STY NCTk2R
94-b 0Q4-1~~ 072105 ER LKIE1~ 1
9149 00447 106216 LKTNT1 LOX RBYTE
95(1 0(1450 03.7677 LS P
951 0114~ 1 1774-bo - - - BRK — 5.1
952 001452 116215 OR RBYTE1
95 O 0~~53 132177 STX ITEMP
9
~~ 

004-54- 106230 LOX LP~CN T R
95~ 0~ 455 0%.~3~4 U0 TX~ p

k~i 
95b 00456 01174+0 INC R
9~7 0I~u~~7 1322.~0 SIX LWCNTR
958 00 1460 11214+1 SUB MOITI.

~~~ SIX LI~fKF
960 Q0~~~2 106177 LOX
961 0t~4-63 1337114 STX NKLPcvD.K
962 C0 1464 - 105710 LOc LSA OR ,K
963 004-65 056106 BREQ LKIE1
964 004-66 3.06177 LKTNT2 LOX I1TMP
965 0~ 467 170216 TOM R~YT(
966 0~ 47~) 076072 BRNE 5+2
967 004-71 001765 CLX
965 004-72 004-000 ou’r
969 004-73 106250 LOX LWCNTR
97u 00*74- 017677 LS H

- - 971 004-75 ~17677 LS P

~-7 2 60476 017677 LS H
975 0~ 477 116200 OR hOPCNT
97 1e ~~~~~ n17677 - LS p
‘p75 CDS ot 03.7677 LS p
976 00502 017677 LS H
977 0~~5C5 017677 LS H

- 
-~ 

978 0050* 133710 STy LSADR,K
979 00505 1614227 STZ RBYT ’~O
9~ Q 00506 106142 LKIE1 LOX M0112
981 cu! 07 00403.7 OUT ‘3.7
982 00510 1063.27 LOx SIM TWO
983 00511 056014 ~R~ Q INTR TN
984- 60512 o7a0u7 BR LIUNIR

4 985 *CORHELATION F~-W rFSSOR INTEfl~ UPT POUT TN F
986 00513 152127 ~pyM1 STX SL~JI~-’U987 00 5~,4+ 170220 TOM CP~N B L
9~-8 c’o~~s 056251 L’RE~ CPIE
989 00516 011252 A/oI~ P INP ‘12
990 1,0517 0*2122 B~t.T 5+3

-- 
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991 00520 114-015 AND M ’3?l?
992 O~S21 O721~3 PR
993 0)522 11605i OR c’3777
994+ 06523 UU1760 C~ x R
995 00524 01174+0 INC
996 00~ 25 132177 SIX IT~~ P997 005p6 106176 LOX SW ITCH
998 00527 162154 1ST M8ITi2
999 00530 056206 BRrQ CPY N T 6

-
~~ 1000 00531 10617? LOX h EMP

1001 00 532 160226 CMP SPSW ~
1002 00533 04+214-i ARL I CPI~éT1- ; 1004 00534+ 15~~~6 STX SPSUv
1004- 00535 106215 Lox SCNT
1005 0~ 536 114011 ,11SUBFR
1006 00537 152216 SIX SRSLOT
1007 0054-0 164-221 STZ CV R Tf ’~C
i~~o8 ofl54-1 106250 CPIMT 1 LOY PCNT
1C09 03542 t6~0l3. C?’P PCNTV X
1QI.u Q0543 0b23,5~ ~RGE CPII’ T2
1011 00544 01174+0 t~Jr P
1012 00545 33225o SIX PCNT
1013 o054-~ 10614o LOX ~bhI~101” 0054-7 072160 PR CP IN TS
1015 0055 0 16424ij CpTN T2 STZ 1.~CNT 

—

1016 00551 106227 LOX OCNTR
1q17 u0552 1600b3 CM P r~c~ TMx
1018 005~~ 0661b~ 8R~ T CPINTq
1019 60554+ 106221 LOX OVR IIIC
1020 00555 110062 ADD SCHI aC
1021 00556 152221 SIX OVRINC
1022 00557 1061’.l LOX l IbIu l
1023 00560 110215 Cp TM T3 AD O SCNT
1024+ OOb€1 13221~ SIX SCNT
1025 00562 072251 BR cPIE
1026 00565 106226 CPT~ T’+ LCy SPSU~

.
1o27 00564 160064+ C~P CLA(~T~1026 005~ 5 0661 71 PRGT C’(SCOt(
1029 00566 106054- LOX M ’1700
1030 00567 114176 AND SWITCH
1031 00570 0722u4 BR CPINIS+3- --- 1 ~- 1032 00571 106221 CRSCOR LOX OVR IN C
1q35 00572 112017 SUB M ’7717
1034 00573 046201 BRLE CPINTS

-~ 
- 

- 1o35 00674 13222i SIX OV R l~IC
1q36 00575 106017 LOx M’7777
1031 00576 004012 OUT ‘12
1038 00577 1061143 LOX M8113
1039 006~U 3.62213 SIX RCVRPT
104-U 00601 104154 CPTNT5 LDC MBTT1 2
1041 006~2 3.14176 AN D SW ITCH
1042 006o3 116153 OR M81111
1045 00604 3.32176 SIX Sw ITCH

• 1044- 006 05 072251 BR CPIE
1Q4S O0b~~6 106222 CPINI6 LOX CLPNTP

t 

65 



________ 

- 
- - - - -~~~ -—— ----- - -

:.
~

- - -

~

‘-

~ 

~~~-~~
‘
~~~~‘ - — • -  ~~~~~~~~~~~~~~~~~

rw~;- ~~~~~~~

- --.~~—-~ -- -‘- -~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.

101e6 00607 056236 BREQ cPTt-~T7
104- 7 00610 017677 LS p
104-8 00611 132222 SIX CLPNTP
iokS 036i2 16214-1 1ST roTh
105 (1 00613 0562~ 0 BREQ I~ FC O—;
1051 OC6j4 106177 IIJPC S LOX ITEMP
1c52 O-36i5 13.024-6 ADD CCSIJ M
1053 0063.6 13224+6 SIX CCSU’
105’i 00617 072251 Cp~IE
1055 00620 16214-2 1ST M13 1T2
1056 0J621 056250 BREO 1NPC SO
1057 00622 1063.77 INPCD LOX ITEMP
1058 00625 lj.ty2147 ADD CCOIF
1059 006214 15224-7 SIX CCOIF
1060 00625 170222 ToM CLPN TR
1061 00626 04225j. ORLI CPIE
1062 00621 072233 BR CP INT7 ~~31064 00630 106177 INPCSO LOX ITtrW
1064- 00631 132224 SIX CiSUA~O10€ 3 00632 16622! Sb SOFLc,
1066 00633 164222 STZ CLPt~1R

- 

- IUE? 01á~~i 166252 Sb CL~(LPF1068 30635 ~7225i PR CPIE
1ü69 0063r- 106177 CPINT7 LOX ITEMP
1070 00637 3.70223 TOM RNGTTP
1p71 0o640 056244 PREQ ISv PR O
1~~72 0364 1 164223 STZ RNGTYP 4
1c 73 00642 132257 IIUPRS STX R~ UM
1674- 00643 072251 FR
1675 00644. 332263. INPRD STY &OIF
1076 00645 106275 LOX RPTX EO
i~ 77 00646 164275 STZ RPTXF.O
107s 0064-7 062251 f~Rf, E 5+2
1079 00650 166233 510 RNOLPF
1~ 60 00651 10614+3 CP!E LOX
1~81 00652 004017 OUT ‘17
3.082 00655 102127 LOp sINT~ O3.083 0065* 07203.2 BR CPINTP
1UL~. *PECEIVE SLOT Ir%,TE.~pUPT ROUTINE1085 00655 132127 RS,NT SIX S1NT~.L)1086 O3é~ê 10621&1 LOx Mb ITI .
1
~
87 00657 004017 OUT ‘17

106b 006€0 106203. LOX KCNTR
-~~~~ 1089 00661 01174-0 INC R

109u 00662 114-04-4- AND MFMT
1091 00663 3.52203. SIX RCN TR

4 - , 1092 00604 114013. AN D MSUBFR
1093 00665 132202 SIX RS LOT
1094 00666 01614+ 1 BRSLQ 1X0V P40,I
1095 001413
1u96 00670 1OU2UP LDC RSLOT

- 

-

~~~ 3.097 ( 0~,71 114031 AN D i~SUBFR1098 0067? 160141 C~
p ~eIT11099 00673 066323 BRGT OSPLY1

1100 00674 0U~4Ucj 
- 

TX~
( P
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1101 00675 160141 CMP
1102 00676 04-2307 BRLT DEVLW,P
1105 00677 106166 LPLM P LOX LAM PS
1104- 00700 004-002 OUT ‘2
1105 0070 1 011242 INP ‘2
1106 Ce7o2 1623.50 TST M~ ITe-
1101 007~ 5 026 100 BRP~ T II ) INIT
1108 Ou27~~4
1109 007o~ 11403.6 AN D MLPS~

H 1110 n07~& 072314 BR S..TC~1
1111 o07n7 004007 OEvLMP OUT ‘7
1112 00710 107564 LOX LiLAMP S ,~(
1115 00711 004011 OUT ‘11
1114 00712 011253. INP ‘11
1115 007i5 114011 ANn I4fJEVSW
1116 00714~ 132177 S~TCH SIX ITEMP
1137 0u715 105570 LOc swFL~S,~<1i18 00716 114177 AND ITEP P
1119 007j 7 317574 OR DS wTC H ,~ki - 1120 00720 133574 STY OSWTCH ,~,
1123. 007~1 3.06117 LOx
1122 00722 i.5357~ SIX S~ FL6S ,~
112~ 00723 10 6176 DSPL~ 1 LOX SWITCH
112’1 00724 16214+6 1ST MO lT6
1125 0)725 ~6634+2 ORGI OSPLY3
1126 00726 3.62151 1ST M8119
112’ 00727 056352 BHE~ DSPL Y4-

— 

1126 00730 162147 1ST MGI T7
1129 Qo7~j 056362 PREQ RSYNC?
1130 00732 3~~01’+7 YOR M U l T i
1131 00733 132176 STX SW ITCH
1152 00734 o3.124+1 INP ‘1
1133 00735 136132 ST~ M~PADR
113’+ 00736 j0~+1b1 OSPLY2 LOC MU I T9
3.135 00737 114176 AND SWITCH
1136 0~ 740 132176 SIX SW IT t il
1137 00741 072362 PR pkSYNC?
1136 0074-2 104-021 DSPLY3 LOC M’30ss
1139 00743 3.14116 AN D SW ITCH
1140 00744+ 3.16151 OR MOlT9
1141 00745 132176 STY SWITCH
1142 0074-6 01124-1 INP ‘1
1143 00747 056336 RREQ DSPLY2
13.4~ 00750 152152 SIX MCMAC P
1145 00751 072361 BR RSY~C?~ 11346 00752 106201 D5pLY 4 LOX RCN TI~
1~47 00753 1114056 AND MOS PLY
114+ 8 00754 160057 CM P OSPLYT
1149 00755 076362 ORNE RSYNC ?
liSti 00756 011241 INP ‘1
1151 00757 132177 SIX CSP~(JR
1152 00760 134-177 LDD OSPAUR
1155 00761 004001 OUT ‘1
1154 00762 106201 RSYNC? LOX RCNTP
1j55 00763 114040 AN D MR SYN C
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1156 00764 1600141 CMP RSYNCT
1157 oo7~~ o7637~ BRN~ 5+3
1158 00766 106155 LOX Mb IT33
1159 00 767 004016 OUT ‘3.6
1160 00770 106213 LDy RCVRPT
1163. 00771 o56377 PR~ Q CLCTI.

• 1162 0C772 0177~ 7 DCC R
1165 or77~ 132215 SIX RCVRPT
116~ 00774 106214- LOX SKCVCW
1165 ~- 775 0321u0 BRP (I .) PSICS
1166 001352
1167 00777 2 06176 CLCI3 LDX SWITCH
1168 01000 162152 1ST M8II3-0
1169 01001 066056 BRGT RLCT3
1170 01002 162153 151 M81111
1173. clooS fl66n4+7 BRGT CLCIS
1172 oloo4- 162154 1ST M81112
3.375 03.005 06403(1 E~RcjT CLCT2
1174+ 010~ 6 011242 INP ‘2
1175 01007 1621*3. 1ST - HOIT1
1176 ~lC 1ti o563~ t) t3RE~ RSIEI
1177 01011 106176 LOX SWITCH
1178 (1103.2 116154 OR MB ITI2
1179 01013 252176 SIX SWI T CH
1160 0101’. 1042b6 LDC TXCLi’F
1183. OlOiS 3.14-03.5 AND M ’3777
1182 01016 1.20152 XOR P181110
1185 o1~ji7 116005 OR
1184- 01020 12’~14-o XOR Pb!Tc
1185 01023. 132166 SIX LAMPS
11’~E’ 0102k 106202 LOX RSLOT
1157 O102~ 01174+0 IN C R
1.2.86 C1021+ 13223.5 SIX SCNT
1189 ~)t O2 5 166245 STO CLINIT

• 1190 01626 10604+4- LOX MFP1T
3.193. (11027 ~7234-7 BR RSIC1—1
1192 01030 106227 CLCT2 LOX DCNTR
1195 01031 0117~ (1 IN C R
119~ O103~ 132227 SIX OCN TR
11~~5 01u~~6 16li063 CM P O CN T M X
1196 03.034 066064 BRGT CLCT4
1197 01(135 106062 LOX SCHINC
1298 01036 120157 XOR P18113.5
2199 01037 004-012 OUT ‘12
1200 01040 166220 STO CPCNBI.
1201 01041 1061145 LOX MOlTS
12 ,2 01o&+~ 132215 SIX RCVRP 1
1205 01043 106053 LOX CSOCW
120* 010~ 4 152214 SIX SNCVCW -

~~~ - -

1205 01O~ b 0017b3 CLX R
12Cc 01Q4~ 072353 PR PS!E6+).
1207 01047 106202 CLCT3 LOX RSLOT
12.0~. o’-oso 160216 CMP S~ SLU T
1209 01051 07635n BRNE
1211, 01(52 164-2u1 STZ RCN TH 
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1211 03053 166245 
- 

STO NUP~AV
1212 01054- 106176 LOX SW ITCH
1215 01055 120153 YOP MO IT11
1214 Ol 3Sa 116152 09 MOIT1U
1215 01057 132176 SIX SW ITCH
1216 01C&0 10614-1 LDv MOI T1
1217 01 061 1322 52 SIx CLPC
121d 01062 106221 LIlY OIIRINC
1219 01063 004-012 OUT ‘12
1220 01064+ 10614+5 CLCT4 LOX MP3ITS
1221 01065 07234+7 èR RSTE1 1
1222 01066 170274- RLCT1 TOP’ TXAC~1F
1225 01067 046157 BRiE RL .CT9
12214 01070 170272 TOM R~.TR K
1225 01071 046157 BRIE RL.C19
1226 01072 106143 LOX Ci~AD~1227 01073 110011 *00 M’37
1228 01074 160201 CMP RCNT P~1229 01075 056104 BRF O RL CT3
1230 01076 106201 LOX RCNT’( -

1231 01077 160153 CMp CRACN
1232 01100 o~ 4i~

7 BR r~a~. RLC~~1235 0110 1 106256 RLCT2 LOX RCW MOO
1234- 01102 1163.52 CR~ ~18TT 10
1235 01103 o72155 BR RLCT8+2
1236 011014 170275 RLCI3 TOM RPTX~01237 011~5 04-6153 ORLE
3238 Ollo6 164-275 ST~ RPTXEO
123w 01107 ~1t256 INP ‘16
124- 0 01110 11’41’.c AND PIUITG
1241 01113. 076116 RRNE RLCT’4
1242 01112 3.06277 LOX CRTC
124-5 011j5 0117140 INC R

k 124-4- 0113.4 152277 STY CRIC
14D 03.115 0721~0 BR ftI~CT~ +~12446 01116 170277 RLCT4 TOM CP~TC1247 01117 056152 BREQ ftLCT~1248 01120 106301 LOx C.~PC

~-

. I 1249 03.121 0117140 INC R
125~ 01122 152301 SIX CRPC
1251 01123 160115 cMp c~pc~x1252 01124- 042153 BRLT RLCT8
1255 01125 106277 LOX CRTC
1254+ 01126 160116 CMP Ci (TC”N
1255 01127 06214+1 ORGE RLCT6

— 1 1256 01130 j64277 STZ CRIC
1257 01131 164301 STZ CRPC
1258 01132 106257 RLCTS LOX CRSC
1259 01135 0177b7 DEC R
1260 01134+ 04+6147 ~RLE RLCT 7

— 

1261 03.135 132257 SIX CRSC
- - - - 1262 cu Ss 106113 LOX CRSI~ C

1263 01137 132251 SIX HLCORK
1264 01140 072153 BR RL.cle
1265 O13~,3. 3.66274- RLCT6 STø TYACOF
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1266 0114-2 106166 LOX LAMPS
1267 01145 3.2014+5 XOP MBIIS
1268 0114+4 12014+6 XOR
1269 (1111s 5 3.52166 SIX L AMPS
1270 01146 072136 BR RLCTS+4
1.271 o11~~7 3.64274 RLCT7 srz TXA CQF
1272 0115u 106166 LOX LAMPS
1275 01151 136144 OR MBIT~127~ (11152 132166 SIX LA M P S
1275 01153 l uéQ3S RLCT8 LOX C37777
1276 01154 114236 AND PCWP~OO
1 277 01155 132236 SIX RC~~’OO
1278 03.156 072110 BR RSLTOI.
1.279 01157 106202 RLCT9 LOX RSLOT
1280 01160 160055 CMP 02’.
1281 C1161 076171 BRNC RSLTQ3.,i.
1232 01142 106231 LDX RLCONR

-: 1255 01163 056170 BRCQ KSLTO1
H 

1284 013.64- ~3237~ ST~ RLC ONI.
ia-s 01165 116154 OR P8113.2
123k (‘~166 

0040 12 (‘UT ‘12
1287 01167 164-251 STZ R, CO RP
~~~~ 01170 136202 RSLTU 1 LOX RSLOT
1.289 01171 076251 8RNE RCVC 1
1.2q0 01172 17024+0 TOM CNRC I/
1291 01173 04+6175 PRLE
1292 01174 166214~ S’ro RCVEN
1293 013.75 164-227 STZ R8YT NO
1294+ 01176 164310 STZ LSAOR
1295 01177 164250 STZ LWCI..TR
1296 01200 106201 LOX RCNT’~
1297 oi~ c1. 132200 SIx HORCNT
1298 01.21)2 076216 ERNE OPTST
1295 61205 3.06266 LOX IXCL~F1300 01204 11624+1 OR RDPNGF
1301 01205 056216 PPE~ 

- OPTST
1302 012~6 011233 RDRNG INP
1305 012c;7 3.14-04-7 ~NO MKANGC
1304 012i0 132211 STY RAN~~21305 01211 3.06205 LOx TC~’T~-~
3.306 01212 15221~ SIX RA P~GE11307 03.213 2.70291 1DM
1308 01214 02614+1 BRSGT
1309 001470
1310 01216 17024+2 DPTST 1DM DPFLG
1311 01217 0*2240 8RLT RSLIO4+
1312 01220 170237 TOM CLFLG
1315 01223. 062241 P’~GE RSLTO2
1314 01222 1.70201 TOM KCNT’I
1315 C1223 p56253 RSL1C3
1316 01224 171)212 TOM CTLWTF
1317 C12~ 5 062231 BRGC p~SLT 02
1518 (1226 10614+2 LOX
1319 03.227 004000 OUT ‘0
132o 01230 1642(17 SI? ECWDOF
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1321 01233. 106140 R SL IO 2 LDX MBI T O
— 1522 01232 07224+5 BR RSLTO5

1325 01233 106052 RSLTU5 LOX SOFC~
1324+ 01~ 34+ 004-000 OUT ‘u

t 1325 01235 166217 STO LtcCNE~L
3.326 01.236 106140 LOX MB ITO
1527 01237 i5P25~ SIx Lb~CIJ1R
1528 01240 lO6Oss RSI T0Ie LOX C~OCW1329 0124-1 132214- STY S$CVCW
133u 03.24-2 3.0614+0 LOX MBIT
1331 0124-3 15223.5 STY RCVKP’T
1332 012414 116155 OR ~8I T 13
j535 01245 i422~ 2 RSLTU5 STY CLPNTK
135w- 012’4 4, 106053 LOX CS0CP~
1335 01247 116155 OR MbI TlS
1336 0125Q 072352 BR RSIIS$ L 1337 01251 170240 RCvO1 TOM RCVEN
1338 01252 062350 BRGE ñSIE3.

• 1539 o1253 16014+3 C P’iP MB!T~
1340 o12~’. 062325 ~3RGE qSLTL~
1341 01255 10614+0 Lfl ~ M B ITO
1342 01256 152215 SIx RCVR FT
1345 01257 106201 L!’X RCN1P~3.54’. 01260 160154+ CMP
1345 01261 076313 BRNE. NCTTST
~3i~6 01262 170266 LKRNG TOP’ TXCLKF
154 7 01263 04-25~ 2 BRLT fJCT2
134-8. 01264 1.06176 LOX S~tJ ITCh13119 01265 114022 AN D Pl~60
1350 01266 076270
1351 01267 i7o 374- TOM OLYC
1552 01270 02610o RRPGT f I )  I N I T R L

• 1355 002577
1~ 54- 01272 16622~ STO RNGTYP
1355 01273 170274 

- 

TD~ TXACwF
1356 01274- 062342 BRGE NCT2
1357 01275 17’~2b1 TOP’ RLCORR

• 3.358 01.276 07634-2 BRNE NCT2
1359 01277 106212 LOx RLTFQ(
1360 013o0 05634-2 BREO
1361 O3.3~i 04+2306 TSIRP BRIT ~‘ CO’~T1362 01302 106054+ LOX S ‘DP’OD
3.365 01503 132214 SIX S.(CVCW
1364+ ~15~ 4 106153 LOx ~“t~IT11
1565 01305 o72552 BR R- 1E3

- -~ 1566 01506 106054- RPCONT LOX $/flM (~O
1367 o13o7 116055 OR LNKBCW
1568 013t 0 152214- SIX SRCV C W
1569 03.311 106055 LOX
1370 01312 072352 BR

Li 1571 olSiS o177~ 7 NCTTSI DEC R
- I 1372 01314 162046 1ST P’~ CTIO

1375 01315 056355 BRCQ t~- Ti
1574- 01316 160140 CMD ’ Mb ITO
1375 01317 056550 f~REQ RSIL1
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1376 01520 162011 TST M SUBFK
i37l 01321 07634+2 BRPIE f.CT2
1578 61322 164-215 Si? RCVRPT
1379 01325 03.3’eul RSLTD LOK 1
1380 01324- 106201 LOX
13R1. 01325 115762 AND M R CV ,K
~5i~ (i~~~6 161766 CMP RCV T~ L ,(
1383 01327 056332 BREO *+3
1584+ 01330 177724+ BI~( RSL TD + 1
338~3 01531 072330 BR RSTEJ.
15*~ 013~ 2 1u7772 LOX RCVCW,K
1387 01333 056550 BREQ
1588 01334 o723~2 BR RSIE S
1589 01335 160155 NCT1 CM P PJCTSLT
1.390 015~o 07634+4+ RRNE ~‘JCT3
1391 01337 166310 Sb LSAOR
1392 01.54-u 10614+1 LOX fl$IT1
1394 013”3. 3.52213 SIX RCVRPT
1394- 013~ 2 106055 NCT2 LOX LNKPCW
1395 (11343 072351 PR RSIC2
1596 C1.344 10614+0 NCT3 LDX MBITcI
1697 u134i 5 33224~ SIX LWCN IR
1398 01346 10614+1 LOX M~ IT3.
1 399 013q7 152213 SIX RCVRPT

- - - 1400 01350 001763 RS!E1 CLX R
1’+u;i. C3~~~3. 132214+ RSIE2 SIx SRCVCW
14+02 o1.35~ 13.6256 RSIES OR RCWMOD
14+05 01353 004014 OUT ‘14-
1404- 013~ 4- 1061~ 7 RSTE~ LDX S1i~J~O14 05 01~55 016101, BRpEQ (I) INTRIN
14+06 0 0 04+3. 4 -
3.4+37 015~7 032100 BRP (I) RSINTR
1408 0004-US
14+09 *IMI TIALIZE~ (SET TO Z E K O )  BLO CK 5TO~AG L
14+1.0 01361 132161 STZBS STY OMA OM X SUBR (’UTI~~
14-li. 01562 oul7bS CLX R
1’+12 01563 136160 510 DMADR
1415 U1364- 106160 LOX

-
• 1’e-14 03.565 160161 CMP OMAD M X

-~~~ 1415 ~1~~ e 02204-3 SRT~~ .3
1416 o1367 01174-0 INC R
11417 01370 132160 STX DMA OR
1418 01371 072362 BR STZB S+ i
141.9 *TRAN SMLT TIPt IN G INX T IA L I2A T ION SUBROUT IF .E 

~

- I14-20 01372 110201 IN !1TX ADD RCNT K
14-21 01573 O1174+~ INC R ,

-•

1422 01374 114-0~ 4- - AND M FMT
14-26 61375 1622 (15 SIX TCNTR
1424+ 01376 164270 Si? STXCW
142 5 01~~77 3.06157 LOX M 6IT15
1426 01.4+00 004-016 OUT ‘16
1’427 ~14+~1 004~15 OUT ‘1~ -~~~

111-28 0 34+~ 2 3u614u LOX Pc8ITU
1q29 r~1’,~ 5 004017 OUT ‘17
1430 014-04 106177 LOX ITEMP
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1451 014-05 004-013 OUT ‘13
11432 01.4-06 160050 CM P RORN G
14+35 314-07 03604+1 SRTtjE 1
14-34 03.410 1061.56 LOX MB IIJ-’4
14-35 014+11 004-016 OUT ‘16
1936 014-1? 03204-1 SRI 1
1957 *TDAN SM IT OVfRHF~AQ SUFftOU T1N€~
34-3d 014~ 3 106374 TXOVhD LOX DLYC
1439 01414- 046024- BRL~, CU.~TST
144-u 014-3.5 o17757 DEC R
14-41. 014-3.6 152374- SIX DLYC
1442 01.417 066024 BRGT CLKTST
1445 01420 io4-oo~ LOC P4,17
144-v 01423. 116166 OR LMMPS
144-a 014-~2 140152 XOR Md IT1O
1446 01423 132166 STY LAMPS

- 

- 

14117 01.424 g1124+2 CLKTST INP 2
19148 011425 162140 TST M 8TTU
14k~9 014+26 ~76Q55 BRNE TXCLI’
1.4-30 03.427 170266 TSTCKF TO~ TXCL $F
14.51 01.4-30 01604+1 SRTEQ 1
j 4-52 Q3.4~ 3. jb’4266 STZ TXCL~ F
14-53 014-32 170253. TOM CLTRP (
j 4541. 01.433 062070 ARGE SCHf~~Q
19-55 014-34 166241 Sb NORNOF
1456 014-35 3.66272 Sb I-tLTRi~
14157 014~6 1662i.~ STO RLFLC ’

H 1458 (114+37 166274 Sb TAACc?F
14+59 014-4-0 166265 STO RLAO F
1’4-6U 0144-1 164+263 SIZ RLSC~-11
1461 014q2 164-275 SI? F-IPT~~ U
1462 014~ 3 1~61u5 L OX VRL C M X
1464 0144-4+ 1323u1 SIX VKLC
1464+ 01445 1.06106 LOX kLTC~ N
1465 014-46 132277 ST’i RLTC
1466 014+4-7 i7O27~. TOM TXEN
1467 014-50 00204+1 SRTLT 1
1468 01451 152271 SIX CNTX
14-69 014+52 032041 SRI 1
1470 014+53 170266 TXCLK TOP! TXCL~iF
14-il. 014-54+ ou2o4-1 SRTLT 1
1472 O14-~ 5 ib6266 STO TXCL’< F
1475 01456 164-272 SI? RLTRP~
1474- 014-57 169241 SI? RORN (.,F

• 147~ 01460 164374 SI? OLY C
11476 01461 106005 LOX M ’17
1477 01462 114166 AND LAM PS
11178 o14€s 116152 OR
14+79 01464- 132166 SIX LAMPS
14-80 01465 3.70273. 1DM TXEAJ
1481 01466 002091 SRTL T 1
1482 014-67 132271 SIX ~NTX
1485 014-70 1~ 6fl5’+ SCHRE :a LOX pI~~1760

14-84+ 014-71 114+176 AND SW ITCH
1485 01472 3.32176 - - STX SW ITCH
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14486 o1473 05204-1 SRI 3.
1487 *TRA NSMIT SLOT !~,TERRUPT kOUTI NE
14+!~b 014-74+ 132127 T$T MT SIX SINTW C
14-89 014-75 10614-0 LOX P48110
1’+9u O1U7~ 0C’1u17 OUT ‘17
11491 (114+77 106205 LOX TCP TP
14-~ 2 ~1soo 01174+0 INC R
3.493 015c1 11404+4 AND MFP4T
3- 4-94 C15 32 1~ 22u5 STY TCNTR
14-95 C!5~ 3 114011 AND M SU B FR
1496 01504 152204+ SIX TSLOI
14+97 01505 3.06203 LD~ TCNTR
11498 ~l5o6 114-0142 AN D M TSY JC
1~9~ 01507 16004+3 CMP ISYNCT
1500 03.53.0 0763.3.3
1501 L1.5l1 106154 LOX P0113 2
1502 01512 004+016 OUT ‘16
1505 G1~ 13 106267 LOX TX RP T
1504+ 0153.4 056121 BREQ TXCK?
1505 OlSib ~17?~7 DEC A
1506 015j6 152267 SIX TXRFT

~5o7 uthi7 3. 62?(1 LOX STXC ~
1508 (11520 072342 ER TSIU+2
1509 015~i 3.7026h IXCW? TOM TXCLKF
1510 01522 p42157 BRLT TSIP~T3.
1511 01523 03.124-2 INP
1512 01524 ii4i4-3 AND M81T3
1515 01525 066357 &RGT TSIEQ+i.

— 

151’4 01b~6 17~251 TSTCL TOM Ca_ IR K
1515 01527 062336 TSIEC
1516 31550 iu~,272 TSTRL LOX RLTR K
1517 015?ii. 04+2157 BRLT TSINT1
1b38 01~ 32 056356 BRED ISIEta
iSi9 01533 170252 TOM Cl_PC
:520 03.534 ~6634+~ BRGT ISIEI

-
- 

- 1521 o1535 106203 LOx TC P~TR
• 1522 o1S~o 170274 TOM TXAC~F1~:~2,3 01537 0á61~ 0 BR~T CRSRI’JC-

1524+ 015~su 160154 F~ prJ G CMp LNAD ~
1525 0154+3. o76556 BRNE TSIEv
152b 01~~2 10614+0 LOX M~~TIC
1527 o15’~3 132267 SIX TXRF’ I
1.528 61.5144- 166275 Sb RPIXED 

- 
-

~

1529 ~l5~,5 3.64+27k STZ STxC~
1531, 015146 106153 LOX MBIT1I.
j531. 01547 0723~2 ~R TSIC2.+2
1532 01550 160153 cPSRNG CMP CRADM
1535 U1551. o763~6 BR rg E~ TST E~ ~~

- - 
-

1534 0155k 1(16011 LOx M’S?
1535 01 152267 STY TXRP T - -

~~~

3.53b 01554+ 132275 STX ~(I’TXED
1~~37 o1555 106152 LOX MBIT Ilj
3.53~ 5~~ o7234i. ~R T~~IE3 4 1

• 1539 01557 170271 TSTN T1 TOM IXEN
1540 u15~0 04+2174- ORLT TSIqJT2
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1543. 01561. 1062(14- LOX TSL.OT
15’42 01.562 o763~0 BRi~lE TSIEI
3.5415 01563 170271 TOM ENTX
3.54-” 01564 05634-0 BREQ 181E .
3.54-5 03.565 166271 SlO TXEN
154-6 01566 170212 TOM C1L~~~1
1~’4T 01567 04-2372 ORLI
154E~.. 01570 10614+1 LOx NI3IT1
1549 01573 3.32232 SIX CILWCT

— 155u 01572 164-305 STZ TXLWPT
15~ 1 03.573 1614502 STZ TXL~ CT
1552 01574 106204 TSINT2 LOX ISLOI
1554 03.575 3.70266 1DM TXCLPcF
1554+ 01576 056206 EREQ T~ IN T5
1.555 01577 076206 TSINT S
1556 01.600 170203 TSLIOI. TOM TCNTR
3.557 016o3. 076204- BRNE~ TSLTC-2
1558 03.602 106140 LOX M8TT~i
1559 01605 152267 STY TXRPT
1560 01604 106151 TS1102 LOX M~ !T9
1~61 ~16rj 5 ü72343. AR IS1~~1+1
1.562 Cl’ C6 16014-0 TSINT3 CMP
1565 01607 056267 BRED TSLI11
1.564 01610 1601143 CMP V~1BT1~

- 
- 

156D 01611 06233.7 BRGE TSLTO 
-
•

1566 
- 
01612 106203 LOX TCNTR

- ‘ 1567 01613 3.60154 CMP LI~*OR
156~ 01614+ 07634-0 BRM ~ ISTEI
1569 01615 1.02303 TLNKD LOR TX LWP T
1570 03.616 0034-uD TXK
1571 01617 13.4-156 AND P4 8 1T 14
1572 01620 056227 OREQ TLNK 1
1574 0t6~~ 1o77u4 LOX
1574 01622 03214-1 8RS LKWDCT ,1
1575 0u0127
1576 01624- 076263 ERN E TLNK ’

• t~~77 01.625 165704- SI? AKLt(~iO,~c
1578 01.626 072242 BR T1..NP(2 6
1579 01627 oO’enlO TLNI(1 OUT ‘10
1~80 016~0 050250 BRC TLN~2
1581 03.631 - 107750 LOX TL_ KW C1 .K

-
-- 4  1582 01632 07624+4 BRN( w+1Q

3.568 01633 1077u’e- LOX AI~LK W D ,.
1564+ 01634- 0562142 BREQ
1585 01635 032143. BR$ L I~WDCT ,i.
1586 000127
1-587 01637 106303 LOX TXLWPT
1568 03.64-fi 136157 OR ~BIT 15
1589 01641 072262 BR TLNK4-1

-

~ 1 1590 03.64-2 10614+1 LOy P18111
— 1591 01643 072260 - RR Tl_P41(5+3.

1 592 016414 03214+1 P-RS LP (WDCT ,j.
3.595 000127

-• 3S~~ 0164-6 076265 BRT’t TLt~~~
3.595 0161ê 7 0 72257 

- 
BR TLNKS

p 

. 
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1596 Q165o 107752 TLN~2 LOX TLKW~2,k
159~ 01651 056256 BREQ TLNK3—1
1598 03.652 03214+1 ERS LKWD C T ,1
1599 000127
1.600 0165~ 676263 BR~sE TLMI(’,
3.60 1 Qt ~~’.~ 3.6~~1s~ STZ TLKt’~U2,l(- l 1602 02.656 165750 SI? TLKW L~1,#<
1603 ~1657 1.06140 TLNKS LOX ~~1Tc1604+ 01660 110333 400 TXLWPT
2óOS 01bój 114-010 AND
1606 01662 132303 SIX TXLWPT
1607 016C3 104266 TLI’IK4+ LOC TXCLKF
1608 01664+ 132275 SIX RPTXED
1609 01665 ~0614o LOX M8 ITC
161(1 01666 07253.2 BR TSLT3.2,.4-
163.1 01667 jo62u3 TSLT1I. LOX TCNT~
1612 01670 ~17757 DEC A
1615 01671 jbOlSS CMP NCISLT
161~ Q 1672 07633.5 TSLTiS
1615 i,3.67,~ 01124-3 INP 3
263~ 01674 16215i TST 118119
1617 01675 0563140 BREQ TS!E1
1616 01676 10623.2 LOX C1LUC T
1619 01677 04-2306 BRLT TSLT12
1.620 G3 7~ U 317757 DEC R
~623. &~ 7~ i 15223.2 SIX C ILW C T
1622 01702 1U6205 LOX ECWO O
1625 ot7os 004010 OUT ‘10
1624- 01704+ 106206 LOX ECWD3 .
162s i~.17~ 5 072S3.a~ 9R TSLT 12+2
1626 ~].7~ 6 ~O1763 TSLT12 CLX R
1627 017c7 30403.0 007 ‘10
1626 01.710 004006 OU T ‘6
i~~29 M7ij. 10614-1 LOX M81T3.
1630 ~171.2 3.52267 SIX TXRP I
1631 01713 106055 LOX L(JK9CW
163~ 01714 072541 BR TSIE1+3
1633 01715 11~-04+6 TSLT13 AN D MNCT1L)
3634+ C17i~ 0563”D PREQ TSIE3.
1635 01717 0134-Ui TSLTD LOY
1636 0172 0 106203 LOX TCNT~

-
- -~ 1637 (4721 13.5760 AND M TX ,K

i63~ ~~.722 161764 CMP 1 XTBL ,l<
- 

j  1639 ui7~ 5 o5~ 526 BRE Q *43
1640 01724- 177720 BRK TSLTD+1
164-1 01725 072340 BR TSIE3.
164-2 01726 107770 LOx TXCW.I (
164-6 01727 056324 BREQ
1644 01730 066342 BRGT TSIE1+2
1645 01.733. jn757~ a~.Ox L~SwTCt-4 ,~
1646 01732 162152 1ST ~b I1iO
3&~7 ~3- 7~~ 07634-u ARME ISIC1
16~ t’ 017 .~q 107770 LOX TXCW ,t (
164-9 01735 ~7234-2 BR TSIEI+2
365u 01736 10603.4 TSTEO LOX 11’?
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1651 01737 j3227j SIX EMTX 

—

1652 0174-0 001753 TSTE1 CLX ft
1655 01743. 132270 SIX STXCW
1.654+ 01742 00’4015 OUT ‘15
1655 01745 106127 LOX SINT~ O1656 o174~. 0161.00 RRPEQ (I) INTRTN
1657 000’4 .L ’4
laS b 017kg, 0421U0 BRP (I) ISINIR
1659 0004(13
1660 *EXTERNAL COMPU1TR TIJTERRUPT ROUTTNL
1661 01750 0112140 E CINT INP 0
1662 01751 ootl6o Cr~x1665 01752 1702U7 TOM CCWOOF
166” 131753 062360 HRGC ECI~ Tu
166s 017514 152206 SIX CCWO1
1666 01755 1.0614+1 LOX rIBITi.
1667 01756 1522 32 STX C $ L W C I

;- 1668 01757 Q725b5 PR ECTNT I .
1669 017~ 0 166207 ECTNTO sro tCWOUF
1670 01761 152205 SIX ECwO (~1671 Q17~2 10614+2 LOX i*18IIg~ —
1672 01763 0117140 INC ft • -

1675 01754 004+ 0 00 OUT 0
1674 01765 10614-4 (CINTI LOX
1675 01766 004-017 OUT ‘17
1676 01767 032100 PRP (I., INTRTN
1677 000414
1678 *S~ ARC H SUBROUTP’E
1679 03.771 107254- S (aRCP~ LOX SKCHCT ,j
1680 01772 017757 UCC R
1681 01773 133254 SIx SRCHCT , .J
1682 01774 107262 LOX SRCH..J
1686 01775 110062 ADO SCHIiJC
168” 01776 120157 XOR Mt31115
16R5 01777 16~262 SIX S.WH,J
1686. 02000 171254- TOM SKCHCT,j

- 
- 1667 02001 02604+3 SRTGT 3

1688 02002 017757 RS R
1689 02005 162156 TST 11B1T14
1690 02004- 056006 BR (Q *+2
1691 020O~ 120033 XOR c37777
1692 02006 165262 - SI? SRCI4.J
1693 02007 03204-3 SRI 3
1694 *CLOC,( LOOP ROUTT iE
1695 02010 1644252 CLROUT SI? CLKLPF
1696 02011 3.04-225 LOC SOFLO
1697 02012 1642~5 SI? SOcLG• 1698 02013 - 116252 OR CLPC
1699 02014 076071 BRNE CLROU 1
1700 02015 106256 LOX SCCSUM
1701 02016 152162 SIX MCND
1702 0203.7 1702142 ToM OPFLG
1703 02020 04+2045 PRLT 08LP1
1704 02021 106101 LOx SI~PVTM
1705 02022 ü521~ 5 BRS MULT ,5
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o0 234 -5
1707 02024 16C2~.4 CMp C/$UMO
1708 02025 062033 BRGE QBLPO
1709 02026 1662’+3 STO FRMLK
1.710 02027 3.&+24+4- SIZ LU FC
1711 02030 3.04+142 LOC 118112
1.712 02031 114166 AN n LAMPS
172.5 D2f~ 2 ü72o4-3 BR ObL P1— 2
1714 02033 106244 D9i• P0 LOX LOFC
1715 02034+ 01174+0 Ii~C ft
1716 02035 i~ 224-3 SIX FKML K
1717- 02036 160077 CM P LOrCMX
1718 02057 O623~ 5 BRGE RL QSC~
1719 02040 13224-4- SIX LOFC
1720 0204-i 106166 LOX LAM PS
172 1 02u’42 11614-2 OR
1722 02043 132166 SIx LAMPS
1725 C20414 n72g73. ?R CLROUI.
1724 020~ 5 106100 OBL~ 1 LOX S~ PA TM
1725 o2o~+~ 03214-3 BRS AU LT ’3
1726 0023”S
1727 0~?05O 160224+ CMP C/SU~ O
1726 02051 o6206~ BRGE D8LP2
1729 02052 oloooo lOS ft
17~ i 02055 1u624~2 LOX RSLOT
1731 02054 132201 SIX RCN T~

(
00600 0 IEr-~ R

1733 02056 15224+3 SIX FRML $
1734 n~ o57 16&&24+~ STZ LQFC
1735 C20~~0 132242 SIX ~3PFL6
1736 0206 1 072071 BR CLRCU1
1737 G2~ 62 106200 O~ LP2 LOX HOPC tI T
3736 02065 076073. ?RM( CL ROU1.
1139 02061+ 106244 LOX SFCT
1740 02065 01174+0 INC R
1743. 02066 160076 CMP SFCT1~X
17’~2 02067 062355 BRGE kEQSCH
17~~3 02070 132244 SIX SFCI
174’ 02071 10A245 CLROU1 LOX 1~UMAV
1745 C2072 062107 ORGE CLROU2
174-6 02073 106071 LOX AVNUM
1747 C2tj 7 i, 132162 SIX
1746 02075 106226 LDy SPSU~-
1749 02076 o521’~3 PR$ MULl’S
1750 002345
1751 02100 1021ô~ LDP MPLR
1752 02101 1521b2 SIX MCND
1756 fl2 102 106072 LOX CLA D
17!i’~ o~ io~ 06214+5 BRS I’UL1,5

00234-5 -
- -

‘ 7 e  02105 i5~2~ t~ SIX FNL ~~rM
751 i i 2 . ~t. o ut los CLX A

~~~~~ 0 .21( 1 0117s 1 CiPOU2 ft
1’I’ 5.’&iO 13~ 24+~ SIX NLj PAV

~~“- ~~~~~ 1o~ f lh i CP1P A V NU~

—
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1761 02112 o4-2343 BRL T CLEX IT
17~2 02113 i642~5 STZ
1765 02114 O1SOU .o LDJ C
17614 ~21j5 3.u624-7 LOX CCOIF
1765 02116 1.62260 SIX SCCO1F
1766 02117 16424+7 STZ CCPI~1167 02120 106246 LOX cCSU~1768 02121 062123 RRGE
1769 02122 0(11763 CLX k
1770 02123 132256 SIX SCCSL-M
1.771 o21~?’e 16424+6 STZ CCSLJ ’
3.772 02125 112226 SUB FNLKTH
1778 02126 152160 SIX TE~’P
1774 02127 02614-2 PRSGT CURR ,2

002360
1776 02131 106160 LOX TEM P
1777 02132 170237 1DM CLFLG
1776 02135 05624+2 BPEO CLISTI.
1779 0213’4- 06614-0 BRG T
1780 02135 104-156 LOC ~dTTi4+
1781 02136 114-246 AND R CWM UL ~1782 02137 07214+5 BR
1785 02140 106276 LOX CLIC
178~ 0214-1 o3.7757 OEC P
1785 02142 132276 STY CLIC
3.786 ~214+3 106053 LOX C57777
1787 02144 11.6256 OR RCW P~’0O
1788 02145 152266 SIX RCWMOO
1789 0211+6 106300 LOX VCLC
1790 02147 ~~7757 DEC
1791. o21~ 0 132300 

- SIX VC LC
1792 02151 170257 TDM CLFLc-
1795 02152 066225 RRGT CL%IE~ 1
1~~~4 C21 53 ~66156 F3R r.T CLCO~~1

• 1795 02154 170216 TOM CLI C
1796 021.55 166214 BRGT CLPI’L’S
1797 02156 170160 CLCOR1 TO M TLMP
1796 02157 u462U0 BRL( CLCOR2
1799 02160 106256 LOX SCCS U~
1.800 02161 152162 ST~ MCNO
1801 02162 106074+ LOX TMX N CM
1802 02163 05214+5 BR S MULT,3
1805 00234+5

- -1 180~- 02165 132160 STX TE’P
180~ 02166 106226 LOX FNL~

(TP4
1806 02167 132162 SIX MC~!D
1807 02170 106073 LOX D E CA Y r ’
1806 02171 03214+3 BRS M ULT ,3
1o0~ 00234-5

- I 1810 02173 110160 ADD TEMP
1813. o217’+ 160075 CM P CLTI~”-N
1812 02175 66177 BR OT
1813 02176 106075 LOX CLTH PN
18114 02177 132226 SIX FNLI(TH
1815 02200 170300 CL rOR2 1DM VCL~C
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1816 02201 o4624-4- BRL ( CLTST3.+2
1817 02202 i7o 24-3 TOM FRMLK
~8it.i 02203 06234-5 &RGE CLEXI T
1819 022 04+ 17o2~ o TOM RCvEf~i
1820 02205 042207 bRLT
1621 02206 152240 SIX EriP CV
1822 (~2237 166241 Sb CLIR”~
1823 02210 3.70272 TOM RLT RP%
16.24- 02211 i)62343 BRGE CLEX IT
1825 0 22 12 106152 LO X 118113.0
1 2 6 022j5 072222 BR CLVER1.3
1827 02214- 164-257 CLpAUS STZ CLFLC-
1628 02215 1o6157 LOX 116113.5
1829 02216 1522s6 SIX RCWMOO
1830 02217 106066 LO X CLPC~ X
1831 02220 132252 SIX CLPC
1832 02221 10611+3 LOX MB IT3
1835 02222 11~ 166 OR LAW PS
1834- 02223 ~521~’6 SIX L A MPS
1835 02224+ 07234-3 BR CLEX3. T
~83~ 02225 06634+5 CLVER1. BRGT CL EX IT
1637 02226 ~7o276 TOM CLTC
1838 02227 066274 BROT CLT ST 3

- - - 1839 02230 166257 STO CLFLG
lb4O 02231 17021+3 TD’~ FR1~’L.K
1843. 02232 076234 B RNE
2.842 02233 16624+~ Sb ePFLG
1845 02234+ 164252 STZ CLPC
18’.’. 02235 1U~ 14-3. I_ DC MBIT3.
1645 ‘2 2 3 6  1201~ 3 XOR ‘~8IT 3
3.846 02237 114166 ANti LAMPS
1647 02240 132166 SIX LArPS
184-8 02 24-1 07224-4 PR
1849 02242 046251 CLTST1 F~RLE CLTST2
1850 0221+3 132267 SIX CLFLG
1651 022114 106067 LOX VCLC~ X
1852 0224+5 1323uo SIX VCLC
ic.53 02246 luGO7o LOX Ci TC~ N

— 185’ C221+7 152276 SIX CLTC
1855 02250 072343 BR CLEX 1T
1856 0225 1 1u6252 CLTST2 LOX CI FSCH
1857 02252 04+2277 BRLT CLTST 4-
1858 02253 017Th7 DCC K
16~ 9 02254 1522~ 2 SIX CLPC :. -

:

186u 02255 06634+3 BRGT CLEXIT
1~ 61 02256 166252 STO CLFSCPI
1862 02257 104152 LOC MB IT1O
1863 02260 116266 OR TXCL~F
1664- 0226 1 114166 AND LAMPS - -

1865 1i22 .2 116141 OR M6 ITI
1868 022E~3 3.32166 SIx LAMP S
1867 02264 16434+4 STZ CAD R I i:
1668 Q’2€ 5 16434-5 STZ CA O R T + I i:-- — - -

~~~

1869 02266 161+217 STZ LPcENBL
1870 02287 164 +24 - u STZ RCV E~ ~
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1871 02270 164251 ST2 CLIRK
1872 02271 164262 SIZ CLSCP4 I
1873 02272 106065 LOX CLSCMX
187~ 02273 152254+ STY CLSC
1875 02274 164256 CLTST~ STZ HCW MOD
1876 02275 164+2~ 7 STZ CLFL~

;
1877 02276 07234-1 PR CLEX1T~~?
1876 ~j2277 17U25’ CLTST4+ TOM CLSC

• 1879 02500 066312 BRGI CLSRCH
1880 O23~ 1 17024+2 1DM aPFLG
1861 02502 ~7633.7 BRN E CL~BT
1882 02303 OlOOUu lOS N

1885 02304 106201 LOX RCNTK
1.884 023os ü1174+o IN C
1885 02306 132201 SIX R CN TK
1886 02307 006000 lEN R
3.887 02310 132242 SIX of ’FLG
18~8 02311 07227 1 BR C~ TS 13—~3.889 02312 052145 CLSRCH ~RS St.ARC H,A
1890 001771
1891 02314+ 13.b1~ b OR MBIT14-
1892 02315 O0~ O12 OUT ‘12
1895 0231ä 072343 ER CLEX IT
189~ o23j7 170272 CL~ BI TD P’i RLTRP (

- - 
189~ 02320 056335 BREQ J~E0SCH1896 02321 170274 1DM TX A CO F
1897 02622 04632 5 BRIE
1898 02323 106117 LD~ CKO L Y
1699 02324 072332 BR STROLY
1900 02325 170265 TOM RL A QF
1901 02326 0142351 8RLT
1902 02327 106120 LOX FK~ LY
1908 02330 072342 BR STR OL Y
1904. 02333. 106121 LOX PLOLY
3.905 02332 132374 STROLY STY OLYC
1906 02533 132241 SIx RORN~ F
1907 02334 o 7234+o BR CLEX 1T ~ 3
1908 02535 106176 RE0SC~4 LOX S W I T C H
1909 02336 114034 AND M’i730
1910 02337 152176 SIX SW I TC Pi
1911. 02340 164272 S12 RLyR $
1912 02341 164275 STZ RPIXE.O

- ‘  1915 02342 i6~ 235 SI? RNGLPF
1914 0254-3 052100 CL E X I T PR P ( I )  C L R R 1 N
1915 003051
191’ *MULTIPL.Y SUBROUTIs~E1917 0231+5 ~52165 MULl SIX MPLR
1918 02646 012417 LOI
1919 02347 164161 LIZ Pi~OD
1920 023~ 0 olb600 CLC P
1921 ‘~235j j,j2163 LOP ~PLR

- 

I 1922 02 352 3.52163 SIX M PLR
1925 02355 10A 182 LD)’
1924- 02354 126161 MPS 

- 
PKO O

1925 02355 132161 STY PR OD
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1926 02356 176751 BR! s 5
1927 02357 O~ 204-3 SRI 3
192k *CORRCCT TIMING SUHROUT INE
1929 02360 107256 COPR LOX SCCSUM .j
153 0 02561 1611~M CMP
1931 02362 06636.4- BRGT *+2
1932 ~i2563 107124 LOX SCGC~ P ,j

H 193~ c-2~~4 1521~ 2 SIX O~N
1954 32565 106157 TC,SM LD~ ~&3IT15
193~ 02366 162167 SIX SIGN
1936 02367 107260 LOX SCCDIF ,j
1937 02370 062374 OR GE COR R O
3.938 02371 164167 $12 SIGN
2.959 C 372 0017b0 CMX R
1940 02373 01174-0 INC P
2.9q.1 C2374+ 16016k CORRO C~P194.2 02375 002100 BRPI_T U) COPR1
19+5 0324Uj
194+4 C,2377 1~ 7122 LOX CLGF ,J
194- b 021+00 072022 BR CORR2
3946 024-ui 132165 CoPR1 STY NU~
194- 1 U 2 4+~ 2 012417 LDI
19% 02403 lt,42.73 SI?
1949 02404- C166Uo CLC P
1950 024+05 150182 DVS OCN
1951. O24oa 3.52163 SIX 1’~UM

- 

- 3.952 02407 100173 LOL Th.MPS
1955 024~ O 3.32175 SIX T CMP~1951+ 0243.3. lOOlbô LOL NUP~
1955 02412 176405 Ap~395b 024-13 3.0712c~ LOX CLGF .J
3.957 024j~ 132162 SIX P”CND
1958 02141!, 100173 LDL Tr’~Pb

- 1 1959 021116 05214-5 RRS p~UI_T,3
1960 O0234~1961 021420 070022 RR~’C 

- CORR2 - 
-

1582 02421 011740 INC P - -

1963 02422 116167 COPR2 OP SIr,~1984+ 02423 114376 AN D E1JCO~ R
1965 02424 i3325~ SIX CLCOr ~R ,,j
196o Q~~l4~~5 OlcOUo TJX P
1967 C2426 03604+2 SRTNC 2
1968 024-27 106156 LOX MBI1 14+
1969 02430 1.16250 OR CLCORR
1970 02431 004012 OUT ‘12
1971 02432 05204+2 COPREX SRI - 2
1572 *R~~JbE LOOP POUI!NE
1973 02433 164+243 RLROU I SI? RNOL PF
1974- 024+?~4 01~ ø~ 1 LDJ 3.
197b 024-35 106256 LOX SCCS~~i
1976 024+3~. 132162 SIx MC~~
1977 0 24+37 106107 LOX SP~LT P ’~3 97ó 02 44+ 0 oSai4+5 BPS MULT,5
157~ 00234.5
1980 0241+2 112257 SliP PSUM
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1981 024+4-3 132160 SIX TtMP
1982 0241+4 p0214+2 BRSLT CQRR ,2
1985 ~02360
198 + 02446 106160 LOX TEMP
198~ 02447 3.70275 TOM RLFLG
1986 02450 056105 RR E Q i~i..1St1
1987 021+51, Ø62u~~ BR G~3.968 O2~+~ 2 104217 LOX Pt-IC
1989 02455 017757 DEC P
1990 02454+ 132217 SIX
1991 02*55 106301 LDx Vi~LC
1992 02456 017757 DEC K
1995 02457 132301 STx
1994+ 024-60 p66175 BRGT PLEX IT
1995 02461 106277 LOX RLTC
1996- 02462 170275 TOM pt-FIG
1997 02463 066072 BR~~T RLV E N1
1998 02464- 04-6106 BRL~ RLTSI3.+3
1999 02’.~5 10~~1~ 4+ RL PAS1 LOX PLPCMX
2000 (J246ó 152255 SIX RLPC
2001 02467 106166 LOX LAMPS
2002 02470 13.61.51 OR MBIT9
2003 02471 072173 SR R L E X I T~.~
2004 02472 066174 RLVER1 BR~T PL EX IT I
2005 02473 166272 STO RLIRK
2006 024-74 166265 STC RLAOF
2007 024+75 166213 SIC RLFLG
2008 024-76 3.64+263 STz RLSC~-4I
2009 024-77 106905 LOX
2010 02500 114166 AN D LAMPS
2011 025~ i 132166 SIX LAM PS
2012 02502 072106 BR RLTST 1+ 3
2015 02503 062113 RLTST1 Bp~~ kLTST2
2014- 02501+ 10614+0 LOX MBITO
2~ 15 02~~5 152273 STY RLFLI
2016 02506 106105 LflX ~(KLCMX
2~j7 025~ 7 j523L1 Sly Vi~LC
201.8 02510 106106 LOX RLTCMN
2ci.9 O2~ 1i 132277 STY P~LIC
2~2u 02512 o72115 BR Pt-EXIT
2021 02513 106255 RLTST2 LOX RLFSCH
2022 02514- 04-6127 PRL ( ~LSCr4
2q25 0251.5 alliS? DCC P
2o24- 02516 132255 STY KLPC
2025 02517 066175 BRGT PLEXIT
2026 02520 1061.03 LOX RLSCf’,IX

— - 
2o27 02521 

- 132255 SIX PLSC
2028 02522 3.52272 SYX t-~LTR K
2029 02523 104-1D~ b C  MUIT3 .0
2030 02524 114-166 AND LAMPS
203 1 02525 13.63.4+7 OR Mb117

Li ~ - 2032 02526 0721.73 BR PLEX IT-2
2035 02527 106265 RiSC’~ LOX RLA OF
2034- 02530 o177b7 DEC K
2035 02553. 066162 OR GI RLSC I4 1
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2036 02532 170255 TOM RLSC
2037 02533 04+6157 BRIE
2038 02534 0521.4-3 BPS SCARCH ,~
2C39 001771
204-0 02536 0723.65 BR RLABT -2
204+1 02537 170265 TOM RLA Q F
2~ 1+2 02~ 4+0 ~42167 BRLT RL~ BI
2u46 ~254~ 106264 LOX RAQC
2o44+ 0254+2 ‘j423.~~7 BR I T P LA ST
2ü45 02543 160102 CMP RAQ C~~X
2046 c25’~’e ~~2151 BRLT *+5
2~ 47 025115 3.66264 Sb RAQC
2Q48 025~~ ~17757 PS R
2049 02547 132265 STX PLAQF
2050 02550 o72156 BR *+6
2051 02551 01174-9 INC P
2052 02~~ 2 13~ 2b5 SIX RLAQF
2053 C2553 13226 1+ SIX RA g C
2054 c2bSi+ 106103 L O X RLSC MX
2055 02555 152255 SIX RLSC
2056 o~ 556 1g631.3 LDv ~~PSGf~
20 57 025~ 7 12 01~~7 XOR M6 IT15
2C58 02560 152313 STY JMPS bN
2q59 02561 072164 PR
2~~6~ 02bb2 3~~2265 RLSCH]. SIX RLAQ F
2061 02565 10633.3 LOX ~JMPSG N
2062 02564 11h112 OR ~J MPI~JC
2~ 64 02565 132251 SIX PLCONR
206’i 02566 c72 17~ BR PLEY1T
2065 02567 164272 RLA B T ST~ RLIR K
2o66 02570 104-005 LOC M’ll
2v67 02571 3.16166 OR LAMPS

— 206k 021572 12u152 XOP f~B I T 10
2069 02575 132166 SIX LAMPS
2070 02574 161+273 SI? RLFL&
237]. 02575 052100 ALEX!T ~RF ~!J R L P P T N
2Q72 003054+
2073 *Xp ~ITItL IZE TRPN SM L T T1MI~4G FOUTr-’E
2074 02577 132261 INTIRL SIX RL IN IT
2075 026r,O 104-022 LOC M’ 60
2~ 76 ~26~ 1 114-176 AND SwITCH
2~ 77 02602 132176 STY SWITCH
2078 02603 1063.40 LOX 1115110
2~ 79 (I2b~~~~4 132272 SIX RLTR’(
2080 02605 164275 ST2 RPT X E O
2 ü61 o 2e~~6 164374 SI? CiLYC
2082 02607 16624+1 SIn kORNOF
26L~3 02610 106261 RL INIT
2084 026i1 066223 BRGT RLIPJ I-
2 0P,5 02612 j7a2?” 1DM TXAC QF
2086 0 1 615 ~46255 BRLC Pt-IN S
2087 (‘261q 1061~ 3 LOX C~ SIt’ .C
2 D B -b 026 15 ~2o1b7 XOR HSITI.5
2089 026 14 152253. STX RLCOPR
2090 02617 106211 . - LOX
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2091 02620 132177 STY I7(MP
2092 02621, 1062i.Q Lfl~ RANG€ ~1
2095 02622 07224+4 AR RL IN2
2094+ 02623 164265 RL!N1 Sb?
2095 02621+ 162144+ 151
2096 02625 056266 BREW RL Ir4 ’4
2091 02626 17O0u~ TOM FMT
2098 02627 042322 f4RLT RLINEX
2099 02630 1u611~ LOX Ct~SC~-X

• 2100 02631 152257 SIX Ct (SC
2101 02632 15227~ SIX TX A C~ F
2102 02635 164277 SI? CRTC
2103 02634 3.64303 STZ CKPC
2104- 02635 01124+2 ~~P 2
2105 02636 16214+2 1ST
2106 02637 05624+2 BREQ
2101 0264+0 106057 LOX PTSD2
23.05 0264-1 07224-5 ~ R
2109 0264-2 1.0€0b~ LOX RTSO3.
2110 02645 164177 STZ
2111 Q26~ 4- 05214+1 RLIP42 BP S INIT TX ,i
2112 001372
23.15 0264-6 10~ 0U5 LOC
23.14+ 02647 116166 OP LAMPS
2~ j5 0265Q 12014+4 XOP M BI T4 -
23.16 0265~, 12 0152 XOR NHI TIO
2117 02652 132166 SIX LA M PS
23.18 02653 j642b3 SIC RLV~JIT
2119 02e54 O722c~6 BR RL !N ’+
2120 02655 106263 Ru MS LOX RLSCHI
2321 02656 120157 XOR MB!T1b
2322 02657 017757 RS P
23.25 026€0 1623.56 TST t’~bITl4

- 

- 23.24- 026éi 056265 RRF~
i i  2125 04664 3.40053 - XO R C677/7

23.26 02665 152251 STy RLCOP(H
2127 02664- 3.70265 TOM hLI~QF
2126 02665 ~&227~ BR GE Ps IN 5-~
232 9 02 €~~ 3.u4264- PLIN II SI? F (AQC
23.30 02667 164513 SI? ~aMPS0N

$ 23.31 02670 1u61u3 LOX PLSCt~X
2j32 02671 152255 SIX gt-SC
2333 02672 3642b5 STZ Ri SCHI

• 2334 02673 164-255 RLTN5 SI? RLrSCH
2135 02674- 164-273 STZ RLFLG
2336 02675 170261 TOM RLIN II
2137 02676 042322 BRLT RLI~ILX
2138 0 .677 3.06166 LOX LAM PS
2139 02700 114005 AND
2140 02701 1.16023 CR
2141 027~ 2 152166 SIX LAMPS
2142 02703 170281 TOM R L I N X T

4 2145 02704 056310 BREc~ KLIN6
214’+ 02705 01324+2 IMP 2
211+5 027~6 162142 IS? 118112
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214-6 02707 056314 PREQ Pt-IN?
23.47 ~27~ 0 106211 RLTN 6 LD~ PAr4S€.2
2148 027 13.  152177 STX
‘3.~ 9 027 12 106210 LO~ RA~ Gt~j
2150 u27i .~ ~72317 BR RLIN 8
2351 02734 106061 RLyr ~7 LOX IRMG2
2352 (i27~ 5 132177 SIX ITV ~P
2353 02716 1~ 6060 LOX IKtJGI
2354- 02717 0321.4-1 RLTN 8 BRS INITT).,1

-
• 23.55 001372
- 

- 2356 02721 3.662~ l4 510 TXA C~ F
2157 02722 032100 RL!NE.X BRp (I) RbIE3
2156 ~Ut3b0
2359 *IM!IIALIZE ROUTINE
23.6u 02724 ~12417 IPv!I LOT iS
2161 02725 001763 CLX P
2262 02726 00U 0 12 OUT ‘1- 2

- 
- 2164 02727 004014 OUT ‘~~~~

236” Q273~ 004015 OUT ‘1~5
2165 02731 01O6~ e Soc
2166 02732 Q13767 RSC R
2167 ~2733 j325*~ SIX f~BIT 0’I
2368 02731+ 176752 BR !
2169 02735 g112”3 IM P 3
23.7u 02736 11~ 024 ANO
23.71 02737 132165 SIX NCTSLT
2172 0274-0 3.S2156 SIX t~CTXO
2173 02741 01124-3 IMP 3
23.74- 027u 2 162134 1ST 1.61112
217S 0274+5 076361 ~i~F- 

- 23~76 02744, 164(304 LRF SI? FMI
— 2171 c~27~ 5 1U21~ 5 LOR I~CT SLT

2176 02746 017767 PS P
2179 027~7 017757
2180 0275i3 132155 SIX ~CTSt-T
2381 i~27!~j 0134-v4- LOK 4+
2 1s2 02752 o1124-3 IMP 3
2185 i,2753 ~1,7737 PS
2154+ 02754 03.7677 LS P
21~ 5 ,i2755 17~7~ 4+ PPg *—1

- 
1 21db O27~~ 1140~ 4 AND M FMT

2187 ~,27~ 7 132165 SIX CHAL IW
23.88 02760 072375 pp IM I T 1

(1 2189 02761 166004- HRF Sb FM!
2190 02762 106017 LOX M’7777
2191 02765 152044- SIX M~ ’.T
2192 C276~ 104-006 LOC M’~~7? 

•• 

-
- 

-

2195 02765 13204+5 SIX 1~TA tK
2194 027€- 6 106007 LOw P”1~~77
2lq~ C2 7~.7 15204-6 Six PIC IIU
2196 C;’7~~ 15~ 04+7 SIX ~~~~~~
2197 r~2771 j06140 LOX *‘~bIT i:
2330 c2774 3.32ti~ 2 STY SOFCv.~
2199 02773 106051 LOX ROPMc~l~
220o 0277~+ 15~ 0~ 0 SIX RORN ~
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2201 02775 01124+3 INT T1 IMP 3
2202 02776 o.7677 LS P
2203 02777 017677 LS P
2204 03~ ü 114-030 AN D C’17
2205 03 00 1 3, 521b0 SIX TE MP
2206 03302 o1124-3 IMP
2201 03003 114010 ANI) M ’3

H 2208 03004 116160 CR TEMP
2209 03O~j5 p17677 LS p
2210 03006 114+044 AND MFM T
2231 030o7 1ô215~ STY LRA OK
2212 O 3 O io  013406 L01 6
2215 03 03 1 01124+3 IM P 5
2214- 03012 017677 LS P
221.5 05013 177412 BRK

- - 2216 o3O~~ 114-045 AN D MTA D R
22j7 03015 132157 SIX TADA
2218 03016 106110 CLRBS LOX
223.9 05017 1,52160 STX OMI~OP~
2220 03020 1u601.2 LOX 1~1’377
2221 03021 u521*3 a~s srzBs,3
2222 001561
2223 0~ 023 013402 LOK 2
2224- 05(324+ 106020 LDX ‘‘30 —

222k 05025 3.3~~ 64 STY OLA MPS ,,(
2226 03026 1 774-25 PR~ 

- *.i
2227 05027 106007 LOX M’1777
2228 03030 132166 STY LAMPS

- 
- 2229 03031 004+017 OUT ‘17

2230 03032 1,6637b STO 1NCCI~R
2231 03033 006000 I(N P
2232 03034 3.70255 RUN TflM CLINIT
2235 03035 ~56o*3 BRF~
22341 03036 106111 INTTCL LOX E3 SADR2
2235 Q3Q37 3.32160 STY DMA Dr~
2236 03 0 4-U 1O61~~6 L OX bSl~CR5
2237 0304+1 p5214-3 BRS STZ BS .~
2258 001361
2239 03043 3.10252 1DM CL$LPF
224-u 030414 0560~~1 BREO CLPRIN
22’+l 03045 1o62u2 LOX RSLOT
221+2 030~ 6 160014 CMP p

~’72246 05047 u261U0 8RPI~T ( I )  C LRCUT
224111 002010
22’I5 03051 3.70253 CLQRT ’J TOM R1~i( LPF
22416 03052 0561Uo BRPNE (I) Pt-ROUT
2247 0024-33
22418 O3O~~ 170234+ R LRRTM TOM LINP (F
22 1 9 03055 0261uo BRPGT (I) LP~ROUT
2250 003404
2251 03057 106202 LKRRTM LOX RSL O T
2252 03060 i60055 CMP
2255 03061 066054- ~R~ T RUN
22541 05062 13.214+4 SUB MBTT ’~
2255 03065 111+261 AMO CLTP~
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2256 05064- 04+6054 BRLE PUN
2257 *D~ VIC~~ SWITCH SrRVICE ROUTIt~~
2256 03065 106221 SW RO UT LOX SW PNT~
2259 03066 013740 INC
2260 05067 111+14+0 . ANfl MPh ’)
2261 03070 132221 Six SwPt~jTR

- 
- 2262 03071 002400 TX! R

2265 05072 010000 lOS F
2264+ 03073 004-007 OUT 7
2265 05074 01124+7 IMP 7
2~ 66 03075 114-030 AND C’17
2267 03076 152160 SIx TEMP
2266 0~~077 0112b1 IMP ‘11
2269 031cC 006000 lEN R
2270 03101 152165 SIX TEMP S
2.271 031 2 114051 AND C’3777
2272 c33.~~ 1~ 21’1 Six TEMP1
2275 0~~1~ 4 114-1~~5 AN D M~1T13
2274 J3105 152167 SIX
2275 03106 106025 LOX M ’7000
2276 c-51.c7 3.3.4j~.3 1~ND
227/ 0511u 162183 SIX TEMP5
227~ o31~~ 306266 LOX TXCL~ F
2279 03112 136265 OR RLA O F
228u 033.13 132173 STX TEMP5
2281 033.14- 1041-c25 LOC 1’7000
2282 ~33.~ 5 ji~574 AND DSwTCH ,T
22~ i 05116 116163 OR TLMP5
2284+ 05117 132574 SIX USWTCH .I
2285 0312 0 162151 - IS! MPh 9
2286 03123. 056127 BREQ
2237 03322 11~ 1~ 1 AND MPI T9
2288 03123 364-564 STZ ULAM PS .T

88
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I
2289 03124- 03214-2 ~RS JERM L Ic.I.6,2

I 2290 00fl1~ 4
2291 03126 o723~ 1 BR SW~ X IT

- 2292 03127 1707uu TOM Ap(LKt..O ,1
2293 053.30 PRF O
2294- 05131 170113 TOM T1~MP 5

- 
2295 03132 04214+0 BRLr SwC0~T
2296 03133 17074-0 TD_ ~ BAO PT ,I
2297 03131+ 076175 BRi~’E TSTB~ P
2298 0313S 162152 1ST PBIT3r~
2299 03136 056175 PR!ç~ TSTB~ P
2300 03137 04+2206 BRI.T LOCALL

- 

2301 03140 013003 SWCONT LOJ 3
- 

- 2302 03141 16214-2 1ST ?1I~IT2
2306 05142 076215 RRNE. LCLCNT
2504 03143 162141 1ST M~ IT1
2305 031~~4 076230 BRM E RELA SG
2306 03145 170173 TO~ TE M P~2307 0314-6 062155 pRr,E CLRLN~~~230b 0314-7 17075o TOM T L I<W L 1 , I
2309 u31~ o 076351 PRN~ SWF XIT
2310 031~ 1 16214+0 1ST MtsITl~I

I

TI
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2311 03152 076300 PRM~ REQASG
2312 O~ 1~ 3 16214-3 1ST ~~yT5
2313 o51~ . 014327 BRNE. RE0Lt~~
2511+ 03i55 162144 1ST
2315 031~ 6 056351 BRE W SW FXIT
2316 03157 ii6i4S CL PLN~ OR M B TT 5
2317 03160 120020 XOR M’30
2318 03161 3.52574 SIX DSWTCH ,I
2519 ‘~3162 162156 1ST
2320 03163 0563.66 ~ REQ- J 2521 03164+ 3.0674+0 LOX BAD RT , I
2322 03165 ~7217o BR

H - 2325 0i166 106160 LOx r~ MP
2324- 03167 11614-1 OR Mt3111
2325 03170 11€ 111-2 OR ~~ 1T2
2326 03171 13275 SIX TLKWU1,T
2327 C 3172 0321.1+2 PR$
2328 0003.56
2329 03174 072353. BR SwCX IT
2333 03175 162145 TSTB MP IS!
2331 03176 056140 £~R(Q S5CO’~T
2532 03177 12014-5 XO P i”btTS
2338 032ü0 132574 SIX OS~ TEH.T2334 ~52~ j. 1067412 LOX tuADR l ,!
2335 03202 116142 OR MBIT2
2336 032 c3 11614-3 CR P~PI73
2331 032~~4 j527o’~

. SIX A~ LK’~D ,T
2336 Os2aS 072351 F~R SWCXIT
2339 032~6 104742 LDCAL L LOX kA O bT ,T
23’41.. u5207 1ô~’742 SIZ
234-1 o32jo 05211+3 BRS ENC L~LL.3
2342 00 0176
2345 03212 072353. BR Sw~ X IT

rr 234-4- ~32i3  1~~~14-2 LCLCNT XOP fr~~IT2
231+5 0321~ 3.G20~~ 1ST t~’1700
2346 33235 076350 0f~NE &i~€ X I T ~ i
234-7 0323.6 116150 OR MsI T~-
231+8 ~32~7 132574 STx DSWTCH ,-I
234-9 Q3~ 20 1061t)0 LOX TEMP
2350 03221, 037737 RS P
2351 03222 j772~i P R j  s—i
2352 03223 118161 OP TEMP 1
2555 0322 4 11614-u C~R MOt T O
2354- 03225 uS21~ 2 BRS tNAS b7 ,2
2355 000155

- 

-, 2356 03227 072351 BR SWE X IT
2357 05230 16214-3 RELA SG 1ST MBI TS
2558 03231 076276 BRNE CI.PREL
?3~9 03~ 32 1621b~ 1ST ,‘lbITb
2360 03233 056255 oR~o ~JC.TLCL
~363. n32~ 4 10~ 5e~ LDR i LAM PS ,T
2362 C.32~ 5 070250 PRMC LCLAS&

- l 2365 ~~~~~ i7~ 173 TO’~ T~~P5
236M 03237 062250 OPG~ LCLASG
2365 0324-0 17o7~~ TOM TLKW O1 .T

90



2566 03241 076351 CRNL SW(XLT
2367 0324-2 u17677 LS R
2368 03243 132564 SIX OLAMP S .!
2369 p3241+ 106706 LOX f (INNC I ,t
2370 0324-5 13275o SIX TL KWL ’l.I
2371 05246 106574 LOx OSW T CH ,T
2372 03247 072276 PR C L R R € L
2575 032~ 0 10651~ LCLA SO LO~ DSUTC h ,j

I 2374+ 0325i 162155 1ST ~BIT15
1-1 2375 03252 076276 8Ith E CLRP ~ L

1 2376 03253 ~Q65b e LOx OLAN PS ,T
2377 03254 072267 RR RELCO TM

I 2378 03255 3.62155 NOTLC L 1ST MPIT1S
2579 03256 076276 BRNE CLRRP.L

I - 1 2380 03257 170173 TOM TE.MP5
2381 03260 062253 ~!R6E UOTLCL..2
2382 05261 170750 TOM TL .KW DJ- ,1

i- I  2383 05262 076351 BRN~ SW E~X IT
2384- 03263 106706 LOx R IN N C I ,-r

I 2385 03264 15275~ SIX
2386 032~ 5 3.04-140 LOC
2387 03266 3.14564+ ANO DLM-1PS ,T
2388 03267 114011 REL COM AND

- 2369 03270 116143 OR M~~IT3
2390 03271 1525t~4 STX DLAMI’S,T

- 2391 03272 ~64772 STZ RCV CL~,I
~

— 2392 0~ 273 3.64-770 STZ TAC~ ,I
239~ 05274 104054- LOC ~‘1 700
23941 G327~ 114571+ ANn QSWTCI1,t
2395 03276 3.201.4+1 CLRREL XOR
2396 03277 072350 BR SW~XIT— 1

-
~ 2597 G53~Q 3.2014-0 REoASG XOR MbTT i~

2398 03301 j3257u STY DSWTCH .-r
- 

2399 03302 162025 TST I~ASG
2400 05303 O76~~ 1 F~RP-!E S~ F X I T

- 24101 O53o~ 3.6214+6 IS! MO T Ib

241-02 033fl5 Q76324- BRNC R~~~AS1
~‘+06 05306 11614+6 OR M~3TT t
2 110 11 03307 1.32574- SIX DSWTC)~,j

1 2405 033io 0144u0 lix
4 2406 03311 o1174-o INC R

2407 03312 0176?? LS
21+08 033j3 177312 BRj
24-09 03314 3.16163. OR

-~~~ 2410 033~5 162155 1ST raiTil
- -1 2411 03316 056321 BRED sf3

- 241-12 03317 120153 XOR FiBI T11
24 1~ 0~ 320 13.614+3 OR MPh -S
241’+ 03321 116136 CR rCTTD

- 24~ 5 03322 j3.6j51 OR rOIT5
24-16 03323 3.32706 SIX I~T~jNCI ,T

- 
24-17 03324 3.06706 RE(~AS 1 LOX R 1 W f C I ,L
2418 03325 116142 OR - r8112
24-19 63326 Q7234-6 PR S4EXII.;

- 
-

~ 2’+20 03327 12011+3 REOLNI( XOR MBXTS
91
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2~I21 03330 162023 1ST MASS
2422 fl5553 oSS3DO BREQ $~EXIT.~.
242k o553~ 162156 1ST MBIT14
242” 03333 07b550 ERt~’E SWEXIT..1
2425 03534 11~ 155 OR
2426 o~ 335 0321~ 2 BRS TERMEX~~ ,2
2427 00~ 167
2428 03337 1G~ 3.55 LOC MB1T13
Z429 03340 it47~ 6 AND A&MT,1
2430 033(4 1 11~ 167 OR T~ MP4 V

2431 03342 132752 STX TLK~.C~2,r2432 033’,3 106160 LOX
24 35 08344 136141 OR ‘iBITi
2434 03345 13274~ SIX BADRT ,I
2435 03346 132750 SIX
2436 03347 072351 PR
2431 033~ i, 1325i’~ SIX DSWTCH,T
243$ 03352. 072054 swrxxT BR RUN
2439 ~LINK WORD VFRIFTCf,TION SUbPnUTIr~r2440 03352 106714 TST2/3 LOX N~LK~~ ,I24~ 2. u33~ 3 16132t~ CMP LKL)(~’D.J2442 033~4 056365 PR~ 0 i2/3~ X

•t4~ t iS35~ 163330 CMP
244 w u3356 0563b5 ~~~~ T2/3 EX
244~ 03357 2.O73~ 0 LOX LRL~~ U.J
2446 ~,3360 133530 STX OKLKv.D,j
24(47 ~33sj 106734 LOX NRLKWD IT
2448 03,)E2 j333~~) SIX LRLi~~D.~2449 o33~ 3 Os.)1763 CLX R
245 u 03364 ~723b 7 ~R T2/3~ X+2
2451 o3~ 65 1bS320 12/3EX STZ LI~1J~w O,j

f 2452 ~35~~ t6535o STZ
2454 O55â1 13216o SIX 1t~ P
245~ 03370 0520~ 3 SRI 3
2455 *SUBROUTINE FOR PI,,HT~SHIFTDjG TrP~ I~ AL
2456 03371 02.2463 RS1~C’K LOt 3 ADDRESS

• 245 7 0~ 372 017757 PS
245$ 03373 176772 BR!
2q59 03374 11(4014 A lIt
2460 ~337 5 0177b7 DEC
~M62. ~~476 ~‘42~~~7 BRIT aJ~RP TI!2462 fl3377 1602.’4fl C~P M~ IT0:1 2463 054~ O p66374 PRGT L$~EX1T246(4 c3U t’i 0024U0 TX! R

•1 2465 03402 106161 LOX TEPIP1
2466 03~n5 0~ 2O~5 SRI 3
2467 sLINK ROUTINE
2468 03~ o4 106250 L~~OUT LOX LWCNTH
2469 03~ o5 03.7Th? DEC R
2470 03406 132240 STY LWCNTR
~.7L t”~’4r~7 0U24U0 1X7 P
2472 03410 0b603.6 PRRT L1N$~V ft~•j 2’7~ )

~~ II 1b626’+ $10 L1’~KF2474 uS’4 3.2 106510 LOX LSI~O~
247D 03413 056574 QPCQ L,(EXIT

92
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2476 03414 001760 CMX p

2477 o3ki5 056302 PREG NCTLNK
2476 03416 013005 LINKO LDJ 5
21179 03417 104006 LOC P~’171
2480 03420 1l53~ 0 ANr’ 9AflR1,j
2451 03421 16fl710 C~P LSAO~.!2482 03”22 076111 BR~’C LINKS
2485 ~~~~~ 0321~3 

eqs TST2/3,3
2484 003352
2485 o3~ 25 01.5000 TJX R
21186 03426 160142 CMP P’81T2
2487 03427 062147 ORGE VCAL.L.?
2488 03430 106160 LOX TEMP
2489 03431 120137 XOR TAOR
2490 03~32 162045 1ST MTADR
2491 O3~33 o76111 BRNE LINKS

V 21192 03434 j2t3~0 XOR BA0RT~~,
2495 0~~ 35 162026 1ST ML~EV
2494 03436 076111 LIPIKS
2 9 5  03437 114005 AND ~‘t72496 03440 056111 BRE!. LIN((5

• 2497 0344 1 11~#010 AND M’3
2498 03442 076111 PPI ’E LIN KS
2499 034’,3 0L~ 0UO TJX R
250U 034qq 002400 TX ! R
2501 o3’”~5 160140 • 

CMP M~ IT0
2502 034q6 046070 BRLE LLP5Ki

• 2505 03447 13.4140 AND ~~ITu
2504 03450 002400 IX !
2505 03451 106160 LOx
2506 03452 162143 1ST Pb T T5

2507 05453 0761U7 BRP-!C LLNK’&
2508 03454 106792 LOX WADRT,T
2509 03455 160740 CMP BA DR1,I
2510 03456 076061 BRNE 5+3

2511 C3’+57 j6(472~ STZ LKLK~ D .T
V 2512 03460 164750 SI? ORLK~ ii,I

2515 0~~ 6i 164742 SI? WAD R I,!
251~ 05462 104014 LOC M’7
251b 03463 116140 OR MbIT ()
2516 0346q 114564 AND OLA PIP~S,t

2517 03465 3.32564 SIX
f 2518 03466 104157 LDC Ma th S

253 9 03967 072191 BR LINK6
2520 03470 106160 LINK1 LOX TEP~P
2523 0~~ 7i 3.62145 1ST
2522 03472 076076 BRNC LIN$~
2525 03473 032142 BRS ‘ TLRPILK,2

• 252w 000156
• I 2525 03475 e72314 PR Li%EX1T

2526 03476 1623.42 LINK2 1ST M8IT~2527 03477 056105 BREO LIPJ K3
2528 05500 10600t~ LOX M’17

V S  2529 03501 1113564 AND D4.AMPS,T
2550 03502 072373 BR LKEXIT~ 1

93
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2531 05505 t0~ 1~4 LINKS LOC MB!T’
2532 05504 3.113564 AND OLAMPS,!
2533 055~5 116145 OR NBITS
253~ 035o6 (172375 BR LKIXIT~ 1
2535 u~5~7 106230 L!NK4 LOX L.Ct~TR
2536 035i0 00~~ U0 TX! R
2537 ~35ii i?lni7 LINKS BRJ L~MK0+iV 

2538 035~2 3.06045 LOX MT*O’~
2559 c35i5 ji6ocS OR M’~ 7
2540 035j4 33473.4 AND ~f4L$~ O,1
2541 &SSjS 1291~ 1 XOR ?~~IT1
2542 035i6 160157 CPIp TAOP• 2545 u5Ei7 ~76374 PRNE LKCXIT
25~~ 03520 106714 LOX NRLK~~ ,i
2545 04523 132161 SIX TEMP1
2546 03522 114026 AND
25147 o~~ 23 116?3.n OR LSACR ,7
2548 03524 13.6141 OR
2s45 0~ 525 13216~’ ~TX TEMP
2550 03526 u521~5 RSAN,’
2551 003371
2552 05530 17u74~ TOP CAORt. !
255ô 05531 Q76374 €RP 1t LKEXIT
2554 03532 2.32724 SIX LCLI I!
255b c3533 3.64754 SI? OCL K~~~.i
2556 03534 106160 LOX TEJ~iP2557 03535 3.52744 SIX CADRT, ! V

2bSb 05~ 36 1061*1 LOX MbXTI
2559 035~7 152746 SIX
2560 03540 104154 LOC MBIT3.2
2561 03541 j31~~74 LIP’K6 AND OSWTCH ,r
2562 L 3542 132574 SIX DSWTCH,r
2565 055(45 162153. TSr M8119
2564 U354’4 056374 BQFQ LKFXIT - •

256k Ø35q5 16474’,. LT~ KEX STZ CADR1.!
2566 ~5546 o7237~ PR LKEX 1T
~ )61 0~5’7 11~1~ 0 VCALL? AND
2568 05550 002400 IX!
2569 OS5SI. 1Ls6160 LOX
2570 055’52 o7616’e PRI”C ~eCALL2
2573. ~~~~~ 1067*6 LOX CPNIP.;
2572 0355* o17757 DEC R
257k ~~~~~ i32746 SIX CPNTP ,t
2574 03556 076107 PRNE L1NK~3 2575 03557 164744 VCALL3. STZ CAORT,L
2576 03560 lo’1S4 LOC MfrJIT12 ‘

•• 
• 

V

2577 03561 11457’ APJ!~ DSWTCH,i ~2576 03~E~2 i3257’ STX DSWTCM ,I
2579 03563 o721u7 ~R LINK”
2580 ( i S SE V 4 12C141 VCALL2 XOP MbIT1
25R1 (~356~ 162005 1ST M’l?
2582 03566 Q?6177 BR?’t VCALLS
2565 o~ 567 11t1045 AND r.TtD’1 V V

2584 03570 16fl 147 CeP TA O P r~258k 03571 0761t7 
- ~PNE VC A LLI
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2586 03572 106142 LO~ PB!Tc
2587 03573 1327~6 SIX CPNTR.!
2588 0357(4 30657u LOX OSWTCH,T
2589 03575 116154 OR 1.8!T12
2590 05576 072162 ~R VCALL1.~
2591 C~ 577 1621*t~ VCALL3 1ST PaIT~2592 036~0 056157 BR~~ VCALU
2595 036G1 106574 LOX
259~ 03602 1621~ 4 TST I’BIT12
259~ 036~ 3 056157 BRE~o vLALL1
2596 Q36~ 4 120154 XOR Mb1112
2~ 91 03605 352~~74 SIX OSWTCH,T
2598 fl36~ 6 120160 XOR TEMP
2599 03607 114153 AND M~~IT11
2600 03610 076157 BRNE VCALL1
201 08611 170704 TOM AKL.K’.U,T
2602 03612 056215 BRE~2605 05613 170271 TOM TX~ N
2604 03614 042145 BRLT LINKER
2605 03615 136374 LOX OSWTCP4,j

I 2606 03616 3.62356 1ST M~ IT1(42607 036~7 056227 I~RE0
2608 03620 306744 LOX CADRT,I
2609 03623. 1607*0 CMP EADPT,T
2610 03622 076226 BRNE
2611 03623 116143 OR
2612 03624 132704 SIX A K I I ( I P O , T

• 2615 03625 072145 Bq LI~ KEX
2614 03626 106574 LOX 1’SWTCH,[
2615 03627 042262 BRIT VCALL7
2616 03630 162062 1ST C3.7777
2617 03631 076242 PR’~iE VCALL4
263.8 03632 262152 1ST MBIT1O
263.9 03635 056242 BRE~ VC ALL’1 V

2620 05634 106160 LOX TEMP
2623. 03635 132754 SIX ~ATASG ,T
2622 03636 106744 LOX CAOP T,~
2623 05637 0523.43 BRS CNC1~LL.:4• 2624 000176

• 262S 03641 o72145 BR LINKEX
V 2626 03642 13.6157 VCftLL4 OR MtjITl5

2627 03643 3.32574 STX OSwTC~4,T 
V

2628 Q5644 1u6744 LOX CADRT,I
• 2629 03645 116145 OR MelTs

2650 03646 116142 VCALL5 OR P8712
2631 03647 152704 STX AKL~Wt.r2652 05650 106744 LOX CADRT,7

f 2639 05651 152742 SIX WAOPT,I
I j  2654 05652 1063.60 LOX T(~•P2635 03653 13275’I SIX NXTASO ,T

2636 03654 162155 1ST M8ITIS
2637 o365~ 056216 BREU VCALL~
2638 03656 1041~ 1 LOC M~ IT1 :~2659 ~3657 114584 VCALL6 AND OLAMPS,,• 
26110 03660 116142 - OR MB!!2.~i
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264 1 03661 O723~ o PR VCALL 6+2
2842 03662 106744 VCØLL7 LOx CADRT II
26(45 L!S~~63 160742 CMP ~AORT,!
264’4 05661+ 0D6245 PRE~a VCALLS..1
26Ub u366t~ 104160 LDC
2646 03666 i1675~ OR t~XTI’S6.~
2647 o~6~7 262155 TSr MbIT3.3
2648 03670 076145 BR1~( LINKEX
2649 03671 106574 LOX OSWTCH,I
2650 03672 2.16145 OR
2651 03675 152574 SIX DSWTCH,1
2652 03674 106742 LOX WAORT,I
2655 u5675 o722% BR VCALL.5 

V

2654 06676 106141 VC~LL8 LOX M8IT1
2655 0s677 llS5bs OR DLAMPS .I
2656 037~ o 1323~~ STy DLAMPS ,I
2657 037~ 1 072145 BR LINKEX
2658 .NFTWORK CONTROL TLRP’lwAL L!.~K Pr~UT1Ptr
2659 037t~ 013006 NCILP4K LOJ 6

H 2660 C37~ 3 o321~ 3 BRS TSI2/3,3
2b6l 0033D2
2662 03705 013007 LDJ 7
2665 057gb 03.24u5 LOT 

V

2664 037n7 016143 BRSEQ 1S12/5+s,3
266D 003357 V

2666 05711 056571+ BREQ LPcE~XIT2667 o~ 712 j321a~. SIX TLMP1
2668 05713 114045 AND NTADR
2669 0~73.’+ 160167 CMP TADR
267o 03715 076374 BRNE LKEX1T
2671 0~ 7i6 ~523.43 PRS TST2/3,3
2672 003352
2675 06720 0563,4 BRFQ L~EXI1
267~ C3721 106161 LOX TEMP2.
2675 03722 0623.45 BRS
2676 033312.

• 2677 03724 162145 1ST M~ IT52678 037e.5 ~~6371 BRFQ NCyLK4
267w 0~ 726 1065744 NCTLK1 LOX ()SWTCPi,T
2680 03727 3.6~146 TST M81T6
2681. o37~o 056374 BRF~0 LKEXIT
2682 05731 106032 LOX C17777
2685 05732 3.24706 AND RTNNC ’,j

:~1 268~ c~ 735 1523.63 SIX
V 2685 ~57~* 1001.60 LOL TEMP

2686 Q57~ 5 1523.82 SIX
2687 03736 017677 LS R
2688 03757 13.41~4 AND M81132
2689 03740 3.16163 OR TEPPA
290 03741 132163 STX TE~P52691 0~ 7~~ 3.20706 XOP I4I’~eCt,1
2692 037’.~ 3.62154 151 ~D!T12
2695 05744 Q76374 BRNE. LKIXIT

- 1  269’+ 03745 162143 1ST f~~lT5• 2695 03746 Q5635~ 96 PRF Q t’ICTLK2
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1 2696 0371+7 3.06163 LOX TEMPS
2b97 03750 13.6153 OR
2698 0575i 3.52163 SIX
2699 05752 170004 NCILK2 TrW FMT
2700 03755 0’42560 61(11 ~CTL$’3

• 2701 U37~ ’e 1067u6 LOX RINNC I ,I
2702 03755 3.203.63. XOP TEMP L
2704 03756 114053 AND cs7777
2704 03757 076311. BRNE. LKFXIT

• 2705 03760 1065711. NCTLK5 LOX OSWTCH,~
• 2706 057~i 120023. XOR ~i’30C

2707 03762 132514 SIX USWTCH,I
2708 03763 106162 LOX TEMP2• 2709 03761+ 114013 AND M’37?7
2710 03765 116163 OR
2711 03768 032142 BRS ENASG?,2

- 2712 000155
2715 03770 072374 pP LKrXIT
2714 03771 106561+ ‘ICILK1+ LOX L L4MPS,(

• 
• 2715 03772 3.36140 OR ~~sj Tu

2716 03773 132564 STX OL~MPS,y2717 03774 052100 LKFXIT ~~P ~!) L,cRRTN
2716 003057

- -

~1 ~

I
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APPENDIX III• RANDOM-ACCESS MEMORY LOADING PROCEDURES

A. Corrections 
*

For modems equipped with RAM type memory, the contents of control
memory must be loaded into the modem from an external source each time
the modem is turned on. An external computer jack located on the rear
panel of the modem is used to do this. The 18 connections needed
are shown in drawing 301. The connections are labeled as follows.
(See drawing 301 for the correct pin numbers.)

GND - ground
CNTRL - the control line
ECOB OO-ECOB15 - the data lines wi th ECOB OO being the low order bit.

The remaining connections are used when the modem Is configured as a
network controller and are used for passing Information to a network
program developed by the computer sciences corporation. They are not
used In this application .

B. Loading Procedures

The use of the above lines along with the three switches found on
the rear panel of the modem allow the contents of control memory to be
loaded as follows :

1) move the LPC/LCM switch to LPC and the WE/WP switch to WE;
2~ halt the computer by moving the Start/Halt switch to halt;
3) the modem computer is now ready to load Its program counter

with the first (lowest) memory location to be loaded.• (This will normally be location 0) Placing the binary
value of the first location on the bus and providing a
positive strobe pulse to the control line causes this
value to be loaded into the program counter.

4) the computer is now ready to accept memory contents , to
• enable this move the LPC/LCJI switch to L~M.• 5) consecutive memory locations are now loaded by placing the

V contents on the external computer data bus and strobing
the control line .. There is no minimum clocking rate,
and rates as high as 2 MHz can be used providing the data is
stable on the bus when the control line is strobed.

6) when all the desired locations have been loaded, the
memory is protected by moving the WE/WP switch to WP.

:•~~~ ~
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• C. Proc!rams for Loading Control Memory Contents

Programs used for loading control memory contents are typically
dictated by the type of equipment available and the amount of con-
venience desired. The only requIrement is that the end results allow

• the 6 steps above to be performed. For example, one method developed
• by the ElectroScience Laboratory employs, an HP 2ll5A computer

with a high speed paper tape reader, a Tally high speed punch, an
AMPEX magnetic tape drive and standard teletype. The modem loader

• program may be loaded from meg tape or paper tape. Control memory
contents are kept on paper tape and loaded into the computer’s memory
for loading into the modems. This feature allows minor alteration
of the modem control 1 er program from the front panel of the HP cal,,-
puter. Options available from the program include reading control
memory contents from a paper tape, loading control memory contents into
the modem, and punching control memory contents onto paper tape with
a format suitable to the 1st optIon. The latter two options may be
performed simultaneously by inputing the proper coninands via the tele-
type.

0. An Example of Modem Loading Program Operation

• Typical operation of this program proceeds as follows:
a) After turning on the system: A magnetic tape loader

program is read onto the computer from paper tape.
b) The modem loader program is read into the computer memory

from magnetic tape.
c) The modem loader program is used to load the control

memory contents into the computer memory from a paper
tape. 

—

d) The modem is configured as in steps 1 and 2 above. Step 3
is iniated by lnputlr.g “C” on the teletype which responds
with “2C2” indicating the modem program counter has been
loaded.

e) The modem is reconfigured as in step 4. above and step 5
Is inlated by inputlng 2 “C” characters if only the modem
Is to be loaded . The response Is “C3C” and the computer
halts indicating the loading Is finished.

f) The modem is reconfigured as In step 6.
r .
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g) If the control memory contents are to be reproduced on
paper tape the input in step e Is “CP” and then both
operations (loading and punching control memory contents )
proceed simultaneously. V

h) If additional modems are to be loaded with the same
program or if the computer memory has not been altered
since the last time the program was used the procedure is
started at step d after the program is reinitiated from the
front panel of the HP computer.

r
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APPENDIX IV
CALCULATION OF ROUND TRIP DELAY

V • The round trip delay Is calculated in terms of integer slots
using the slot times shown below. The octal value of this delay is
entered into location 608 of the data memory. The remaining fraction
of a slot is converted in terms of shifts, and the octal va l ue entered
into location 618 (initial value of range counter) Of the data memory.
The delay select switch is placed in Dl position and depressing the
fine range acquisition switch causes the modem to assume a correct
slot count from l ocation 608 and proceed to fine range acquisition

• using the approximate information stored in location 618. The coarse
range subsystem is Inoperative when the modem is configured to es-
tablish HRF. The fine range acquisition mode is the only means for
establishing proper transmitter timing.

128 subframes/frame 16 subframes/frame
82 slots/subframe 32 slots/subframe
l46~ (chips)/slot l46~ (chips)/slot
~/4 range counter increments A/32 range counter increment

Frame = 0.426 sec Frame = 0.426 sec
Subframe = 3.33 x 10 3 sec Subframe = 2.66 x 10-2 sec

V Slot = 1.04 x 10-4 sec Slot = 8.33 x 10-4 sec
~~= 7.134xlO-7 sec ~~= 5.7O7xlO-6 sec
Range counter 584 counts/slot Range counter 4672 counts/slot
(one count = 1.78 x 10-7 sec) (one count = 1.78 x b — i  sec)
Example

Assume round trip range to satellite is 44,000 miles

Round trip delay 0.236559 sec.
Round trip delay 2270.967 slots
Enter 043368 into location 608 (coarse range)
(.967)(584) — 564 counts on range counter
Enter 010648 Into location 618 (fine range)

-H
[ Round trip delay 0.236559 sec

Round trip delay 283.871 slots
Enter ‘104338 Into location 608 (coarse range)
(.871 (4672) — 4069 on range counter
Enter O7i45~ Into location 618 (fIne range)
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APPENDIX V
RADC/OSU TDMA MODEM

TEST PROCED URES

1.0 OVERVIEW

Because of the numerous capabilities and operating modes to be
provided, the testing of even one modem to obtain quantitative data V

which would fully characterize its performance will be time-consuming.
However, the most important performance characteristics and the in-
tegrity of the modem design will be determinable by performing theV tests described herein.

V 

2.0 TEST EQUIPMENT

• The following or comparable equipments will be utilized In
performing the acceptance tests:

• Model
Item Number Manufactu’er

V 

V 

RMS Voltmeter 3400A Hewlett-Packard
• Frequency Synthesizer 5lO5A/5110B Hewlett-Packard

RF Signal Generator 86408 Hewlett-Packard
Frequency Counter 5248M Hewl ett-Packard
Spectrum Analyzer 85lB/8551B Hewlett-Packard
Oscilloscope 7900 Tektronix
Step Attenuators ; 10 dB/step 355D Hewlett-Packard
Step Attenuators ; 1 dB/step 355C Hewlett-Packard• IF Ampl ifier; 70 MHz ET7O-1O V RHG

V -V Hybrid Power Dividers PD2O-55 Merrimac
Bit Error Rate Tester 901 II Communications
Teleprinter 15OKSR MITE

:~ 3.0 GENERAL TEST CONDITIONS

The tests will be performed under prevailing laboratory con-• $ ditions after the modems and all test equipments have been “on” for
at least thirty minutes. V

i t

V V~~~~~~~

— V
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4.0 FUNCTIONAL—INTEGRITY TESTS
V 

4.1 Verify that the modems perform all functions to be del i neated
TW the intended manner when they are configured to establish the

H HRF.

4.1.1 Configure all modems to establish the designated format.
Check the ampl i tudes and frequencies of appropriate signals
wi thin the analog subsystems of each modem and align circu i ts

a as appropriate. Verify that each digital phase modulator oper-
ates properly when the applicable modem is successively enabled

• to operate in the 2~ and 4, PM spectrum—spreading modes. Verify
that the AFC and AGC circuits within each modem operate properly.
4.1.2 Configure two modems to simulate a two-user network

V 
• as described in the remainder of this subsection. Utilize a

hybrid power “divider ” to combine the 70 MHz transmit signals
to be generated by the two modems and a second hybrid power
divider to form two essentially—identical 70 MHz transmi t sum
signals. One of these latter signals is to be utili zed for
moni toring purposes only. Interconnect a 10 dB/step attenuator
and a 1 dB/step attenuator, and apply the “other” 70 MHz trans-
mit sum signal to one of those attenuators. Subsequently, the
two attenuators will be designated as the signal attenuator
for brevity. Interconnect a 70 MHz, l~~R1Iz bandwidth , high—gainIF ampl i f ie r , a 10 dB/step attenuator , and a 1 dB/step attenuator
as appropriate for generating a variable—level noise vol tage.
The latter two attenuators will be designated as the noise at-
tenuator. Utiliz e hybrid power dividers to combine the attenu-
ated 70 MHz transmi t sum signal with the variable—level (attenu-
ated) noise vol tage and to divide the combined signals into two
composite “received” signals. Apply one of the latter signals
to the 70 MHz input jack on each of the two modems.

Position the modem configuration switches so that the
address of one modem is 102, the address of the second modem Is
112, both modems operate In conj unction with network controller
012, neither modem operates as a network control terminal modem,
and both modems operate in the 4q PM spectrum-spreading mode.
Position all modem test switches as appropriate for normal opera-
tion. For each modem, place the REACQ/PAUSE and TX CLK/OFF
switches in the PAUSE and OFF positions , respectively, and depress
the MSTR CIR momentary switch. Utilize an oscilloscope to monitor
the 70 MHz transmit sum signal and successively enable each modem

• V to generate a network clock signal (NCS) by placing the TX CLK/OFF
switch on the applicable modem In the TX CLK position. Equalize

F,- $

103

~~~~~~~ 

~ - • V ~~~~~ V • VV V~~V~~~~~~ V _- V • V V  rVV~~~~ V ~~ V V V V V~~~~~~~ •~~~ ~~~~~~~~~~~~



,-t•-•’ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

-

the ampl itudes of the sequentially—generated NCS’s by adjust—
• Ing the HIGH TX potentiometer within the appropriate modem;

that potentiometer is accessible for adjustment purposes from
the front panel .

V Set the modem IF receiver gains at their maximum values 
V

by rotating the GAIN potentiometers to their full clockwise
positions , and set the signal attenuator to introduce maximum
attenuation. Adjust the noise voltage attenuator so that the

• noise level meter on the modem wi th the smallest maximum gain
Indicates approximately 0.7. Decrease the modem gains so that
both noise level meters Indicate approximately 0.4. Set the
signal level attenuator at 40 dB and enable the transmission of V

a tICS from one (and only one) modem. The modem which generates
the NCS is hereafter designated as the auxiliary modem, and the
other modem is designated as the modem under test. Place the
REACQ/PAUSE switch on each modem In the REACQ position . After V

the clock— tracking loops have acqu ired the NCS, observe the con-
tents of data memory location 2568 within each modem and adjustthe signal attenuator so that the observed data words have values

V nominally equal to 2000R’ Temporarily Increase the noise voltage
attenuator by at least 30 dB and adjust the modem gains so that
data memory location 2568 within each modem contains 2000g.

V Return the noise voltage attenuator to its previous setting.
This procedure establishes a received-signal power to noise
density ratio which is approximately equal to the design value.

Set the ampli tude of the signal to be transmitted from the
V modem under test while coarse—range acquisition is to be effected

at one—third of the NCS amplitude by 1) positIoning the modem
test switches so that a continuous low—level signal is transmitted

V from the modem under test, 2) monitoring the 70 MHz transmi t slg—
nal , and 3) suitably adjusting the LOW TX potentiometer. Reposi-
tion the test switches to inhibit the continuous transmission of
a low—level signal .

4.1.3 VerIfy that the modem under test reliably performs the
following functions several times in succession:
•NCS acquisi tion and tracking following depression of the
MSTR CLR swi tch,

V •Range pulse acquisi tion and tracking following depression
of the FM RNG ACQ mementary switch with the DEL SEL switch
In the Dl position,
‘Short—cycle and full—cycle clock—loop (NCS) reacquisition 

•~~ ~~.

procedures, in sequence, following a temporary removal 0f the V •

V 

70 MHz input signal from the modem under test, V

‘Automatic range—loop reacquisition f~~lowing a clock—loopreacquisi tion , ~~•

‘Proper enabl ing of the teleprinter and 2400 bps I/O devices to K
V VV

~~~~•

operate In conjunction with manually—set time ordered channel
V assignments (TOCA’s), L~~~~ V

V V V~~~ .
V

V .~~

V 
• •Intermodem linking following the manual—enabling of suitable V

TOCA’s and the ini tiation of approprIate link requests,

It 

104

________ • a!nV_aV4__rn.,VV 
~~~~~~~~ V~ V ~~~~~~~~~~ _ _ V  - — __V~~~~~~~~~ --  ~‘V••~~V • VV ~tqS~~VV* . ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ %V VV

V V



—
~~~~~~~~~~~~

- 

~~~

.. 
L

- - V V~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V-• ~~~-V-

‘Proper uti lization of TOCA’s to convey data between tele—
V printers and between bit error rate testers (BERT’s) at a V

2400 bps rate following the establishment of appl icable
l inks ,
‘Au tomatic termination of links following depression of the V
appl icable CLR mementary switches,
‘Relinquishment of TOCA’s following link terminations and V

depression of the applicable REL ASGN momentary switches. . V

4.1,4 Enable the modem under test to operate as a network
I control terminal modem by suitably positioning the appropriate

V configuration switch and verify that functions unique to net-

r 

work control terminal modems are performed properly,
4.1.4.1 Ini tiate the transmission of a channel assign.
ment request from the modem under test by suitably• position ing appropriate switches and depressing the
appropriate REQ ASGN momentary swi tch.

V 4.1.4.2 Simulate the transfer of a corresponding
channel allocation control word from an external net-

-V 

work control terminal minicomputer to the modem under
test by manually-entering suitable data into appropriate

V data memory locations. Then, manually—set the software
flag which Indicates that a control word has been trans—

-
~ ferred by entering suitable data into the data memory

V location where the flag is stored. V

4.1.4.3 Determine that the modem under test transmits
V 1. and subsequently receives the control word In the appl ic—

able LLL slots, and that utilization of the TOCA designated
by the channel allocation control word is automatically en—

V 

V 
abled.

V 

~~
• 4.1.4.4 Utilize procedure 4.1.4.2 to initiate the trans—

V mission of a channel relinquishment—request control word
and verify that the appl icable REL ASG lamp becomes lit.

V Release the assignment by depressing the appl icable REL
V
T ASGN momentary switch.
• V 

4.1.4.5 Inhibit the modem under test from operating as a
• 

V network control terminal modem by suitably repositioning V

V 

V 

the applicable configuration switch.
• V~ 4.1.5 Place the TX CLK/OFF switches on the modem under tes t and

t the auxiliary modem in the TX CLK and OFF positions , respectively,
and redesignate the modems as the auxiliary modem and the modem V

under test, respectively. Subject the Nnew~I modem under test to
I 

‘ • tests 4.1.3 through 4.1.4.5.

4.1.6 Configure the third modem to operate in conjunction with
either of the modems tested to this point as delineated in 4.1.2

• and in a manner which results in the third modem being the new V

V 
• • V VVV V •~ 
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modem under test. Subject the third modem to tes ts 4.1.3
through 4.1.4.5.

4.2 Verify that the modems perform all functions to be delineated
TW the intended manner when they are configured to establish the
LRF.

4.2.1 Repeat tests 4.1.1 through 4.1.6 but with the modems
configured to establish the LRF and with the following func—
tlon added to the list of functions del ineated in 4.1.3:

.Coarse range and fine range acquisition, in sequence, fol low—
ing the loading of data memory location 56~ with 4, placement
of the DEL SEL swi tch in the Dl position, and depression of
the CRS RNG ACQ momentary switch.

5.0 PERFORMANCE TESTS

5.1 WIth the modems configured to es tablish the LRF, obtain bit
V error probability performance data suitable for assessing implementa..

3 tion effectiveness.

5.1.1 Determine the linearity and bandpass characteristics of
the IF monitor circuit wi thin one modem —— the modem under test ——V 

to establish a basis for accurately determining bit energy to
single—sided noise density ratios,

V 5.1.1.1 Configure two modems as delineated in 4.1.2.
Then, position applicable test switches so that CW
local oscillator signals are appl ied continuously to
the correlation processor subsystem In the modem under
test and the AFC circuit within that modem Is Inhibited
from operating, Remove the 70 MHz transmit sum signal
from the Input to the signal attenuator and connect an

• RMS voltmeter to the 10.7 MHz IF monitor circuit output V

jack on the rear panel of the modem under test. For
• each of an appropriate number of noise—vol tage attenuator

settings, measure the rms amplitude of the noise voltage V

present at the output of the IF monitor circuit. On com-
pleting these measurements , reposition the noise voltage
attenuator to its previous setting.

From the measured data , determine the rms ampli—
tude of the monitored noise voltage for which the devia—
tion from a linear amplitude response is nominally equal
to 0.1 dB. Subsequently, maintain the monitored noise

V voltage smaller than that value when a noise level is
being measured by suitably setting the noise vol tage
attenuator.
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V

V 5.1.1.2 Remove the unattenuated noise vol tage from the
input to the noise vol tage attenuator and reapply the
70 14Hz transmit sum signal to the input of the signal
attenuator. Enable the transmission of a CU 70 MHz
signal from the auxiliary modem by suitably positioning
applicable test switches within that modem. For each of

V an appropriate number of signal attenuator settings,
measure the m s  value of the 10.7 MHz signal present at
the IF monitor circuit output.

From the measured data, determine the tins ampli—
tude of the monitored signal for which the deviation from
a linear amplitude response Is nominally equal to 0.1 dB.Subsequently, maintain the monitored signal vol tage smallerV 
than that value by suitably setting the signal attenuator.
5.1.1.3 Set the signal attenuator to the smalles t attenua-
tion setting consistent with the constraint delineated in

V 5.1.1.2. Remove the 10.7 MHz jumper cable from the rearof the auxiliary modem and apply a nominal 1 v peak to
peak, 10.7 MHz CU signal from a frequency synthesizer to
the 10.7 MHz Inpu t Jack. Determine the bandpass (amplitude)
response characteristic of the IF monitor circuit by varying
the frequency of the nominal 10.7 MHz signal over the pass—
band in 50 Hz steps and measuring the amplitude of the IF
monitor circuit output signal follow ing each change in
frequency. Note that the frequencies of the transmit—sum
and IF monitor output signals will decrease by an amount& £f when the frequency of the nominal 10.7 MHz signal
applied to the auxiliary modem is increased by an amountf ~f. Utilize the measured data to calculate the noiseV~~ V , bandwidth, ~~ of the IF monitor circuit.
5.1.1.4 Subsequently, employ the following expression
to determine bit energy to single-sided noise density
ratios: (Eb/NO)dB (Ps)~~ 

- (
~n)dB 

+ (Bn)ds + (Tb)da
V where (x)dB - 10 1og~~x, P5 represents the power containedI in the IF moni tor circuit output signal when the test

switches and signal attenuator are sui tably configured,
• P~ represents the power contair~—d in the noise voltagepresent at the IF monitor circuit output jack when the

test switches and noise attenuator are suitably configured,t and Tb represents the duration of the data symbols actually
¼ received (not the reciprocal of the average data rate).

5.1.2 Reconfigure the two modems as del ineated in 4.1.2 so that
the modem under test in 5.1.1.1 remains the modem under test.
Configure a BERT to operate in conjunction with the modem under
test at a 2400 bps rate. Enable the utilization of a long bit
length (LBL), sImplex , 2400 bps TOCA by manipulating switches
on the vocoder control panel of the modem under test as follows:1) place the DPLX/SMPLX swi tch in the SMPLX position, 2) place
both the TX and RCV switches in the LBIT positions, 3) posItion

V 
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V the lever switches comprising the four character switch
register to read 408, and 4) depress the LCL CNTL momentary
switch. Place the applicable 2400 bps TX/RCV swi tch on the V

auxiliary control panel to the TX position. Enable the modem
under test to operate in a “loop” mode by placing the DPLX/
SMPLX switch In the DPLX position; otherwise, data received
by the modem in the TOCA will not be output to the BERT.

5.1.3 DetermIne the bit error probability (BEP) performance of the
modem under test for the Eb/No values and operating modes del ineated.

5.1.3.1 Utilize the IF monitor circuit to determine the value
of Eb/N0 as delineated irs 5.1.1.4 and adjust the noise voltage
level to establish an Eb/N0 of approximately 10 dB, if necessary.Reestablish the “normaP test configuration on completing this V
procedure. 

V

5.1.3.2 Artificially constrain •the differential detector bittiming error at a negligibly—small value by 1) placIng the
TX CLK/OFF switches on the auxiliary modem and the modern under
test in the OFF and TX CLK positions , respectively , 2) tempo—

V rarily increasing the noise vol tage attenuator setting by at
least 30 dB, 3) loading data memory location 3768 within themodem under test wi th “all zeroes ,” and 4) returnIng the noise
vol tage attenuator to its original setting. Inhibit the AFC
and AGC circuits wi thin the modem under test from operating by
suitably positioning the appropriate test switch and the AGC
mode—control switch on the baseband module. V

V 5.1.3.3 Utilize the BERT to determine the BEP for the EbfNOV 

value established in 5.1.3.1. Then, successively increase the 
V

signal attenuator setting in one dB steps and determine the BEP
following each change in setting until BEPs have been measured
for five Eb/No values. Reposition the signal attenuator setting
to rees tablish a nom inal 10 dB value for Eb/NO on completingthese measurements.

5~li3.4 Enable the modems to operate in the 2~ PN spectrum V

spreading mode by suitably positioning the 2~/4, test switches.

5.1.3.5 Successively determine BEPs for nominal Eb/N values of
9~~ ,and 7 dB.

5.1,3.6 Verify from the data obtained in 5.1.3.3 and 5.1.3.5
that the degradations from Ideal performance, I.e., the amounts
by which the Eb/140 values required to achieve given BEPs exceed ~ Hthe Et/N~ values which would be required to achieve those BEPsIf the detector were to be ideally implemented, are equal to or

V less than 0.5 dB for the operating modes established In 5.1.3.2
V and 5.1.3.4.

V 5.1.3.7 Load data memory location 3l6~ within the modem undertest~ ifth 1777778, and enable operation of the AFC and AGC

V 108 V
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V circuits wi thin that modem by suitably positioning
the appropriate switches . Repeat test procedure

V 5.1.3.5. Enable the modems to operate in the 4, PN
spectrum-spreading mode and recalibrate as delineated
in 5,1.3.1. Repeat test procedure 5.1.3.3. Verify

V from the data obtained that the degradations from
Ideal performance for the operating modes established

- 

do not exceed 0.7 dB.

5.1.3.8 Position the TX CLK/OFF switches on the modem
under test and the auxiliary modem to the OFF and TX

V CLX pos i t ions , respectively. Repeat test procedures
5.1.3.3 through 5.1.3.5. Verify that the degradations
from Ideal performance for the operating modes estab~lished do not exceed 1.1 dB.

5.1.3.9 Enable the modems to operate in the 4~ PN 
V

spectrum—spreading mode. Depress the REL ASGN mornen-
tary swi tch on the vocoder control panel of the modem

4 under test. Enable the utilization of a short bit
length (SBL), simplex 2400 bps TOCA by the modern under
test by following the procedures delineated In 5.1.2
but with the TX and RCV switches in the SBIT positions
rather than the LBIT posi tions. Repeat tests 5.1.3.1
and 5.1.3.5. Verify that the degradation from ideal
performance does not exceed 0.9 dB.
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APPENDIX VI
TEST RESULTS WITH THE LES-6 SATELLITE

1. INTRODUCTION V

: 1 Four time division multiple access (TDMA) satellite coninunication
modulators/demodulators (modems) were developed for the Rome Air
~eveIopment Center (RADC) by The Ohio State University (OSU) Elec troSc ience
Laboratory under Air Force Contract F30602-72-C-0162 [1). Two of these

V V modems were operated in conjunction wi th equipments at the OSU Satellite
Coninunlcation Facility to establish “loop” links via Lincoln (Laboratory)
Experimental Satellite number six (LES-6) and data which partially
characterizes their performance were obtained. Those data are presented
herein and compared with results projected from bench data obtained pre—

V 

viously. The tests were conducted wi th the assistance of Messrs. Stuart
Talbot and Anthony Greci of RADC. Their contributions are gratefully
acknowl edged.

2. OVERVIEW
Exclusive authorizations to utilize LES-6 for experimental purposes

were arranged by the project monitor, Mr. Stuart Talbot, as follows:
V DATES TIME INTERVALS

14 April 1975 0600-1000 Z V
18 Apr11 1975 0600-1000 Z
25 Apri l 1975 2100-0100 Z
26 Apri l 1975 1200-1600 1
29 April 1975 2100-0100 Z
30 April 1975 2)00-0100 Z

The UHF equipments utilized to establish links were “debugged” and
selected characteristics of LES-6 were determined during the first few
test intervals. Subsequently, two of the prototype modems were operated V
In conjunction wi th the UHF terminal and LES-6 to establish “loop” links,
and appropriate tests were conducted to o b t ain  da ta de s c r ip t i v e  of modem 

V

performance. V

3 3. LINK CHARACTERISTICS

A basis for Interpreting modem test data was established by trans-
• mitting a linearly-polarized cw 302.7 MHz signal to LES-6 at the highest

level possible with the equipments utilized -- app rox ima tely 36 dBw,
receiving the associated down-link signal , and process ing the rece ived i~~~V~ V

V signal to determ ine its ampl itude and spectral characteristics. The
received signal wa~ successively down-converted to a 70 MHz IF , amplified,
bandpass filtered to restrict its spectral width to approximately 500 MHz ——
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the nominal bandwidth of the LES-6 transponder, and applied to the Input ofa Hewlett Packard model 8518/85518 spectrum analyzer. A representation ofthe signal spectrum is shown In Figure 1. This data indicates that theV composite signal (effectively) present at the analyzer input consisted of1) thermal noises generated by the receiver and analyzer, 2) a narrow-band V“desired” signal having a frequency essentially equal to the center fre-quency of the LES-6 transmit subsystem, 3) a narrow-band undesired signalhaving a frequency approximately 180 KHz greater than the midband frequencyV and an ampl itude only two to three decibels smaller than the amplitude ofthe desired signal , and 4) multip le undesired signals having amplitudesV 

a~” rox1mately twelve decibels below the desired-signal amplitude. The V

spectra of the noise voltages and the high-level undesired signa l wereessentially invariant with time irrespective of the effective power radiatedV on the up-link. The high-level desired signal was definitely radiated fromLES-6 as moving the antenna boresight axis from the LES-6 pointing angles
V resulted in the ampl itude of the associated signa l present at the receiveroutput decreasing in accord with the pattern characteristics of theV 

receiving antenna. Al so, a spurious signal was received concurrently atV the government facility from which the utilization of LES-6 was being
coordinated . Fortunately, nulls existed in the spectra of the modem-generated signals at frequencies displaced from midband by integer multiples
of plus and minus 175.2 KHz. As a result , the high-level undesired down- V

link signal was not expected to -- and apparently did not -. significantlydegrade modem performance. V

• 
Unlike the high-level undesired signal , the lower.level undesired Vsignals received exhibi ted highly dynamic amplitude and spectral charac-

V Istics. On occasion, a frequency-hopped signal was present on the down-V link which had an amplitude only a few decibels smaller than the amplitudeof the highest-level down-link desired signal received. As to be addressedsubsequently, the lower-level undesired signals undoubtedly degraded the bit
V error probability performance of the modems. Thus, quantitative (statistical)data descriptive of their characteristics would preferably have been obt~1ned.However , the expenditure of time and other resources that would have beenrequired to characterize adequately the lower-level undesired signals wasConsidered to be unwarranted.

The ampl itude characteristics of the desired down-link signal receivedwhen a cw signal was transmitted on the up-link were determined by utilizinga multip le down-conversion receiver to generate a 455 KHz IF signal having a
spectral width of approximately 5 KHz from the 70 MHz IF received signal ,

V employing a Hewlett Packard model 3400 A RMS voltmeter to measure the ampli-tude of the 455 KHz IF signal , and utilizing a strip chart recorder torecord the vol tmeter response. A section of the recorded data is reproducedIn Figure 2. This data shows that the signal ampl itude varied over a 5.7 dBV range In a periodic fashion every 6~4 seconds. Since LES-6 Is spin stabilizedand the spin period equalled 7.353 seconds at some time prior to February 1971 (2],the period of the down-link signal ampl itude variations was probably equalto the LES-6 spin period. Quite likely, the amplitude fluctuations weredue to a failure or failures in the LES-6 electrlcally-despun UHF transmitand/or receiving arrays.
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4. TOMA MODEM LOOP-LINK TESTS

The two TDMA modems which were implemented wi th random access control
memories, modems #01 and #02 , were employed to establish the lower-ra te
(TDMA signaling ) format (LRF) via LES-6. Since only one thirty-foot
diameter antenna at the OSU Satellite Convnunication Facility can be configured
to operate in the UHF band , the tests were necessarily performed by operating
both modems in conjunction with the same terminal , i.e., with one transmitter
and one receiver. One modem was normally enabled to transmi t the network V

V clock signal (NCS) required to establish the TDMA signaling format during
the tests. Thus, the transmit time base (clock) maintained within only one
modem -- the modem not enabled to transmit the NCS at a given time -- wascontrolled on a closed-loop basis. Since the modems were colocated, the

H simul taneous transmission of signals from them was never required.

The functional integri ty of the modems was evaluated by establishing
conditions likely to exist In an operational system, executing an operating
procedure which does not depend on a priori knowledge of’ the operating
conditions for each modem on an indidivua l basis, and observing the modem
responses . The unfavorable link conditions described in Section 3 nothwith—
standing, all overhead functions required to establish and maintain a TDMA
satellite conmlunication network (1], e.g., time base acquisition , time base
tracking, and intermodem linking functions , were repeatedly performed in
an effective manner whenever the maximum bit energy to noise density ratio
associated wi th each signal received was nominally equal to or greater than V
the constant bit energy to noise density ratio value on which the modemdesign was based : 10.6 dB. Moreover, mechanisms incorporated in the modems V

to prevent anomalous operation whenever the ampl itude of the received signal
assumes an unacceptably small value (1) were shown to be highly effective.A teleprinter was operated in conj unction wi th one modem in an “echo” modeduring the functional tests to verify that all overhead functions were, In
fact, being performed properly. 

j
On completing the functional tests described , bit error probability

data were obtained by establishing a 2400 bps time-ordered simplex link
between the two TDMA modems via LES-6 and appropriately utilizing an II
Corporation model 901 bit error rate tester (BERT). Worst case conditions
were established by configuring modem #01 to transmi t the NCS and modem #02

• to transmit a symbol stream generated by the BERT, i.e., data was trans-
mi tted from the modem in which the transmit time base was maintained by a
sampled-data delay-lock “range-tracking ” loop. Both moderns were enabled
to operate in the four-phase (4~) spectrum spreading mode *[l ]. The BERT

V)

*~4j thin each modem, data symbol s to be transmitted are differentially
V encoded and the encoded symbols are impressed as biphase modulation

on either a biphase or a quadraphase modulated (spread spectrum) local V~~~~V

V osci llator signal depending on the position of a 2~I4~ mode control -~~~~switch. The sprectrum spreading factor equals sixteen for a long bit
length (LBL ) time ordered channel : the type of channel utilized during
the tests performed.
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was configured to generate repetitively a length-63 pseudo-noise (PM ) V

sequence in synchronism with the 2400 Hz transmit clock generated by
V modem #02 and to receive data from modem #01 in synchronism with the

2400 Hz receive clock generated by the latter modem. Data obtained from
the tests are shown along with projected performance curves in Figure 3.
The means employed to generate the projected results are described after
a suitable basis for discussion is established in the following paragraph.

The bit error probability performance of the TDMA modems was determined
V previously by performing bench tests as described in the applicable acceptance

test procedures; data obtained from those tests are shown in Figure 4. The
worst-case data shown in this figure were obtained by testing two modems
configured essentially as described in the foregoing paragraph but wi th

V the modems interconnected directly rather than via a relay satellite . These
data are displaced from the ideal bit error probability performance curve
by only 0.8 dB. However, the effects of large round-trip propagation delays,
propagation phenomena, transponder nonlinearittes , and relative satellite/V 

terminal motion are not reflected in the best test data. The link tests
performed were originally intended , in part, to provide a measure of the
Incremental degradation in modem performance due to “normal” link and trans-

V : ponder imperfections when the modems are operated in the intended manner.
The test data actually obtained reflect the effects of abnormal variations
in the effective down-link gain and interference In addition to the effects
of normal imperfections. Nonetheless, important modem characteristics are V

discernible from the data obtained as discussed in the following paragraph. 
V

V The period associated with the observed down-link gain fluctuations
spanned a relatively large number of (approximately 15) TDMA signaling frames.
Consequently, a first order approximation to the modem bit error probability

kV V performance attainable in the absence of interference and normal link and
transponder imperfections can be obtained by modeling the loop-link gain
fluctuations in a piecewise-constant fashion as shown in Figure 5 and
employing the following expression to calculate the error probabllity:*

12.5 - 3+2) 4

b rib b r2b b r3b
F N0 ~ N~ N~ • 

V

~~ 1

•For the operating mode utilized during the LES-6 tests, a constant Pr/N VV value of 51 dB.Hz results In an Eb/N value of 10.6 dB: the design
11 value. 0 V

V 
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In this expression, Pri, ~r2, and Pp.3 represent signal powers which are Vdefined in Figure 5 and PE3(Eb/No) represents the bit error probability V

performance of the modems when they are interconnected directly and
V operated in the worst-case configuration (see Figure 4). The dependence V

Of PE~1 
Ofl 

~rl/~
1o is shown grapP~ically in Figure 3. Two of the test

data points shown in Figure 3 are very close to the curve, but the
measured bit error probability for Pr/No equal to 55.8 dB • Hz is approxi-mately an order of magnitude larger than the value determined from Equation(1). The discrepancy was undoubtably caused by the 1ower~1evel undesiredsignals present on the down-link (see Sec. 3). 

V

No basis exists for accurately estimating the extent to which thebit error probability performance would necessarily have been degradedby interference during the tests since large variations occurred in thedown-link desired-signal to interference power ratio and in the spectraof the Interfering signals which were not characterized quantitatively. Theformer variations were due , in part , to changes which were made in the levelof the desired up-link signal incident on LES-6 to alter the value of Prl/No.These changes were made by offsetting the antenna boresight axis from thedirection of LES-6 rather than by varying the up-link ERP*. As a result,
a given change (reduction) in Pri/No resulted from changes in both the
transmi t and receive antenna gains (as would changes which would occur at
an airborne terminal in an operational system). Notwithstanding the fact• that the signal to interference ratio was not constant duri ng the tests,
the bit error probability performance attainable under the interference
conditions which existed can easily be estimated if it is presumed 1) that
interference resulted in the occurrence of four detection errors for every

V 100,300 data symbols detected, on the average, irrespective of the value of V

Pr/No and 2) that the errors due to interference and other causes were
additive . These presumptions and Equation (1) were jointly utilized to

V generate the dashed curve shown in Figure 3. This curve , although notstrictly applicable , indicates that the modem performance probably did not
differ significantly from the best performance attainable under the conditions

V which existed during the tests.

It is important to note that, had the ‘nodems not been implemented to V

effect spectrum spreading, their bit error probability performance would
have been limited by interference for all three val ues of Pri/No for
which test data was obtained and the bit error probability would haveV V

V. 1  leveled-off, or nearly so, at a value much larger than the ac tual value of V

approximately 4 • lO~~. Thus, although the processing gain provided by the
modems was not adequate to prevent interference present during the tests
from degrading modem performance for larger values of Pri/No~ 

the modem

V s V

*Thermal no ise could also have been added to the received signal to vary
Pr/No. However, this approach wou1t~ have resulted in more favorable
operating conditions and an attendant reduction in the creditability 

Vof the data obtained .
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performance during the LES-6 tests would probably have been totally un-
acceptable had the modems not been implemented to effect spectrum
spreadlng*.

: 5. CONCLUSIONS
- The results obtained by testing the prototype RADC/OSU TDMA modems

in conjunction with LES-6 indicate that modem performance does not depart
significantly from the attainable performance -- even when the modems areV operated under adverse conditions. Although not intended by design , the
tests performed provide significant insight into the performance which might

V V be expected of a TDMA system wherein some terminals would be airborne (if
the terminals were to be equipped wi th modems similar to the prototype

V 
V - modems). Such a system would experience interference not unlike the

interference present during the tests completed . Also , under unfavorable
conditions , the amplitude of the signal which would be received by a given V

airborne terminal would vary over at least a six decibel range as a result
of imperfections in the pattern of the receiving antenna and multipath

V propagation . The temporal structures of those variations and the variations V
V 

which occurred during the tests completed would , of course, differ sig-
nificantly. Nonetheless, the test results obtained indicate that modems
similar to the prototype modems should be utilizable to implement practical V

and effective TDMA satellite communication systems werein some terminals
V would be airborne, in addition to systems which would normall y operate under

more favorable conditions.

I
•1

*8ench test results have been obtained which show that the modems provide
an effective processing gain of approximately five decibels when data
are conveyed between them via long bit length time ordered channels -—I when the signal spectra are spread by a factor of sixteen -— and when
cw interfering signals are present at their inputs.
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Figure 1. Nominal spectrum of the signal received from LES-6 when a
linearly—polarized cw 302.7 MHz signal was transmitted on
the up—link at an ERP of approximately 36 dBw.
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Figure 2. Relative amplitude of the desired signal received from
LES—6 versus time when a linearly-polarized cw 302.7 MHz

V signal was transmitted on the up-link at an ERP of
approximately 36 dBw.
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V Figure 3. LES-6 bit error probability data and projected results .
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